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CONTRACTOR  ORIENTATION  BRIEFINGS 


SEPTEMBER  14-15, 1982 


NASA 

Nationa. 

Aeronautics  ana 
Space 

Administration 


SPACE  STATION  NEEDS,  ATTRIBUTES  AND  ARCHITECTURAL  OPTIONS 
CONTRACTOR  ORIENTATION  BRIEFING 


I. 

I.  a. 

II. 


PROCEEDINGS 
TABLE  OF  CONTENTS 


Introduction  & Study  Management 

DOD  Study  Management 

User  Missions  & Requirements 
(Prior  Study  Results) 

a)  Science  & Applications 
Introduction 

Life  Sciences 
Astrophysics 

Environmental  Observations 
Earth  & Planetary  Exploration 
Materials  Processing 
Spacelab  Payload  Program 

b)  Technology  Development 

c)  US  National  Security 
Classified  (Not  Included) 

d)  Commercial 
Industry  Interaction 
Materials  Processing 
Communications 
Earth  Observations 


III.  International  Studies 


a) 

ESA 

b) 

Canada 

c) 

Japan 

d) 

Germany 

e) 

France 

f) 

Italy 

IV.  Planned  Shuttle  Improvements  by  1990 

V.  OAST  Space  Station  Technology  Study  Status 

VI.  Conceptual  Architectures  for  a Space  Station 

VII.  Elements  of  the  Space  Based  Infrastructure 

VIII.  Use  of  the  Shuttle  External  Tank 

Appendix  A:  Candidate  Technology  Development  Missions 
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INTRODUCTION  AND  STUDY  MANAGEMENT 


E.  BRIAN  PRITCHARD 
SPACE  STATION  TASK  FORCE 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


KCl. 


SPACE  STATION  MISSION  ANALYSIS  ACTIVITIES 

Sponsor  in-house  and  contractor  studies  to 
o reach  out  to  user  communities 

- science 

- applications 

- commercial 

- technology  development 

- national  security 

- operations 

o involve  users  early  on 

o define  time-phased  user  mission  requirements 
o derive  space  station  architecture  from  mission  requirements 
Exchange  mission  analysis  data  with  potential  international  partners 
O ESA,  Japan,  Canada,  Germany,  France  and  Italy 
Use  Mission  Requirements  Working  Group  to: 
o integrate  results 
o establish  mission  models 
o prepare  mission  description  document 


3026B/2 


MISSION  ANALYSIS  STUDIES 


dJelomenf  L » c anal v*P  the  science,  applications,  technology 

or  would  materially  LnefM^f7  ^ SpaC<?  °Perations  missions  that  reauire 
orbit  materially  beneElt  from  a permanent  space  station  in  low  earth 


o 


o 

o 


contractors: 


Boeing , General  Dynamics, 
Douglas,  Martin  Marietta, 


Grumman,  Lockheed,  McDonnell 
Rockwell,  and  TRW 


emphasis  on  user  communities.  Architecture,  not  configuration 
schedule 


o 

o 

o 


RFP  release 
Contracts  signed 
Mid-term  Briefings 
Final  Briefings 
Final  Reports 


June  28,  1982 
August  20,  1982 
November  15-18,  1982 
February  21-March  4,  1983 
April  22,  1983 


participation  by  DOD 

similar  studies  by  ESA,  Japan,  Canada,  Germany  and  France 

obj  ec  ti  ves^and^or  rpenn ^ NASA  int°  single  Set  of  time-phased  mission 
?d  “^responding  space  station  requirements,  from  which 
architectural  options  will  be  derived 


3026B/3 


SPACE  STATION  NEEDS,  ATTRIBUTES  AND  ARCHITECTURAL  OPTIONS 

TECHNICAL  DIRECTION 

. ALL  TECHNICAL  DIRECTION  WILL  COME  FROM  THE  STUDY  MANAGER,  BRIAN  PRITCHARD 

. PRIMARY  TECHNICAL  DIRECTION  FROM  THIS  POINT  WILL  COME  AFTER  THE  MID  TERM 

BRIEFINGS—  NOVEMBER  29  - DECEMBER  2 

. EACH  CONTRACTOR  IS  TO  USE  HIS  OWN  INGENUITY  AND  CREATIVITY  WITH  A MINIMUM 
OF  TECHNICAL  DIRECTION  FROM  NASA 

. THE  NASA  STUDY  MANAGER  WILL  HOLD  BIWEEKLY  TELECONS  WITH  EACH  CONTRACTOR 
STUDY  MANAGER  TO  BRIEFLY  REVIEW  STATUS  AND  PROBLEMS 

. A TECHNICAL  POINT  OF  CONTACT  HAS  BEEN  ESTABLISHED  AT  EACH  CENTER  TO  PROVIDE 
INFORMATION  AS  REQUIRED  BY  THE  CONTRACTORS 

. FOLLOWING  THE  FINAL  BRIEFINGS  A WRAP-UP  SESSION  WILL  BE  HELD  WITH  EACH 
CONTRACTOR  TO  REVIEW  FINAL  REPORT  PLANS 


\ 


* 


CENTER  POINTS  OF  CONTACT 


CENTER 

CONTACT 

TELEPHONE  NUMBER 

ARC 

‘ JOE  SHARP 

(415)  965-5100 

GSFC 

STEVE  HOLT 

(301)  344-7579 

JPL 

JIM  DUNNE 

(213)  354-6904 

JSC 

BARRY  WOLFER 

(713)  483-4227 

KSC 

DAVE  MOJA 

(305)  867-3644 

LaRC 

CHUCK  ELDRED 

(804)  827-3911 

LeRC 

SOL  GORLAND 

(216)  433-5159 

MSFC 

PETE  PRIEST 

(205)  453-0413 

MAS  STUDY  CONTRACTOR  CONTACT  FORM 


CONTACT  l 
DATE 


CONTRACTOR: 

CONTACT: 

JOB  DESC: 

CENTER: 
CONTACT: 
ORGN : 

INQUIRY: 

RESPONSE: 

MATERIAL  PROVIDED  OR  RECOMMENDED: 

COMMENTS : 


. |f  . 


AUTOMATED  MISSION  AND  MISSION  MODEL  DATA  BASE 


DESCRIPTION 

' INTERACTIUE  DATABASE  SYSTEM  ON  LARC  MINICOMPUTER 
' MISSION  DATA  INDEPENDENT  OF  MISSION  MODELS 

- MISSION  MODELS  BUILT  FROM  MISSION  DATA  BASE 
-•  GRAPHICAL  ANALYSIS  OF  MISSION  MODELS 

IMPLEMENTATIONS 
c USERS'  GUIDE,  USER  WORKSHOP 
o INTERACTIUE  REMOTE  INPUT  AND  ANALYSIS 

ISSUES 

o FINALIZE  MISSION  DATA  FORMS 

- USE  STANDARD  TERMINALS  (TEKTRONIX  4010  SERIES) 
c DATA  ACCESS  CONTROL,  UIEUING  PROTOCOL 

o STANDARD  MISSION  MODEL  ANALYSIS  NEEDS 


MISSION  NAME 


CODE 


CONTACT  CNa*0 


address,  phone* 


* 

i 

* 

\ 

v 

U 


STATUS  G Planned 

i □ Operational  □ Candidate 

C Approved  □ Opportunity 

Year  of  first  flight 

Number  of  missions 

OBJECTIUE  ~~ — 


DESCRIPTION 


v 


jnnnnn  nuiin  i-m  'nnnn 


TYPE 


i 


£Si*?nc*  and  Applications 
Astrophysics 
Communications 
Earth  and  Planetary  Exp. 
Environmental  Observation* 
Life  Sciences 
Materials  Processing 

Commercial 

Earth  and  Ocean  Operations 
Communications 
Materials  Processing 
Industrial  Research 

_Natlonal  Security 

Research  and  Development 
Operational 

Technology  Dove l opment 
Generic 

Flight  Missions 
Operations 

Basic  Physics  and  Chemistrj 


OF  PUU 


ORBIT  CHARACTERISTICS 

Apogee,  km  

Inclination,  deg 

Argument  of  perigee,  deg 
Synchronization  , □ None 

POINTING(Real  Time) 


Perigee Tolerance  t 

Tolerance^  

Epheneris  accuracy  

□ Earth  □ Sun  □ Other- .. 


View  direction  □ Inertial  □ Solar  □ Earth  □ Other. 

Pointing  uccuracy . Field  of  view 

Specific  targets  Stability  angle 


DATA/COMMUNICATIONS 

Monitoring  requirements  □ None  □ Realtime  □ Offline 

Data  rate Frequency,  H* Bandwidth, 

lJ  Onboard  data  processing  Data  storage,  kB 

□ Encryption/Decryption  required 

POUER 

Power,  U Duration,  hr 


Operating 

Standby 

Peak 


□ 

Hr 


j Voltage,  V _ Frequency,  Hz 

i Duty  Cycle  Description 


•‘ORBIT  TRANSFER  STAGE  (IF  KNOUN ) 

O PAM-A  □ PAM-D  □ IUS 


Other 


f 


£•?  r;lTw'd  Wi\I9iH0 


V 1 


thermal 

Type  of  concept 

Temperature,  deg  C 

Cryogenic  Load 

Heat  Rejection,  U 


Operational  min 

— Temperature 

Operational 


- max_ Peak  _ 

Duration  - 

Peak 


CREU  REQUIREMENTS 
Estimated  crew  size  Pei 

Manhours/misaicn 

Skills  required  

PHYSICAL  CHARACTERISTICS 

Launch  mass,  kg  

Length, m Launch  w/OTV_ 

Diameter,  m Launch 

Center  of  gravity  location. 


Permanent Service EUA  □ Ye 

Average  time  between  visits,  dags 


Deploy^  mass 

Undeployed 

Undeployed 

X 


SPECIAL  CONSIDERATIONS/CLARIFICATIONS 


SKETCH 


MID-TERM  BRIEFINGS 


PRIMARY  THRUST  — MISSION  REQUIREMENTS 
. APPROACH 

. USER  MISSIONS/VALIDATION  CRITERIA 
. MISSION  REQUIREMENTS 
. RATIONALE  FOR  TIME  PHASING 

. PRELIMINARY  MISSION  MODELS 

SECONDARY  THRUST  — APPROACH  AND  PRELIMINARY  RESULTS  ON 

ARCHITECTURE  AND  COST/BENEFITS  ANALYSES 

FORMAT  — 1/2  DAY  BRIEFING  INDIVIDUALLY  BY  EACH  CONTRACTOR 
AUDIO  HOOKUPS  WITH  AT  LEAST  JSC  AND  MSFC  (EXTRA 
COPIES  OF  VIEWGRAPH  MATERIAL  AT  THE  CENTERS) 


DOD  STUDY  MANAGEMENT 


MAJOR  RICK  ZWIRNBAUM 
SPACE  DIVISION 


UNITED  STATES  AIR  FORCE 


DOD  GUIDANCE 


• ROD  POINT  OF  CONTACT  IS  AIR  FORCE  SYSTEM  COMMAND'S  SPACE  DIVISION 

• DOD  WILL  PROVIDE  NECESSARY  GUIDANCE  ON  NATIONAL  SECURITY:  POLICY 
REQUIREMENTS,  PLANS,  SECURITY,  ETC 

- ENCOURAGE  CREATIVE,  BROAD  INVESTIGATION 

- NEED  COMPREHENSIVE  ASSESSMENT  FOR  EVALUATING  POTENTIAL  MILITARY 
APPLICATIONS  OF  SPACE  STATION  CONCEPTS 

* IN  GENERAL,  CONTRACTOR  QUERIES  AND  SPACE  DIVISION  RESPONSES  WILL 
BE  DOCUMENTED  AND  DISTRIBUTED  TO  ALL  PRINCIPALS 

- INFORMATION  SPECIFICALLY  APPLICABLE  TO  CONTRACTOR  PROPRIETARY 
EFFORTS  WILL  BE  STRICTLY  PROTECTED 
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AGENDA 


INTRODUCTION 

s, 

HOLT 

LIFE  SCIENCES 

w. 

BISHOP 

ASTROPHYSICS 

G. 

NEWTON 

ENVIRONMENTAL  SCIENCES 

D. 

BUTLER 

EARTH  & PLANETARY  EXPLORATION 

W. 

PIOTROWSKI 

MATERIALS  PROCESSING 

W. 

ORAN 

SPACELAB  EVOLUTION 

M. 

SANDER 

ADDITIONAL  QUESTIONS  & ANSWERS 


FULL  PANEL 
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SCHEDULE 

. CURRENT  PLANS  & REQUIREMENTS  (JUNE  19S2) 

NASA  REVIEW 

SPACE  SCIENCE  BOARD  REVIEW 
SPACE  APPLICATIONS  BOARD  REVIEW 
ADDITIONAL  SCIENTIFIC  INPUT 
. ORIENTATION  BRIEFING  (SEPTEMBER  1982) 

SPACE  SCIENCE  BOARD  RECOMMENDATIONS 
SPACE  APPLICATIONS  BOARD  RECOMMENDATIONS 
INTEGRATION  OF  ALL  SCIENTIFIC  INPUTS 
NASA  IDENTIFICATION  OF  "REQUIREMENTS" 

. MID-TERM  BRIEFING  (NOVEMBER  1982) 


/ 


SPACE  SCIENCE  BOARD 


JULY  27-28  REVIEW  OF  NASA  SPACE  STATION  PLANS 
DETAILED  SSB  COMMITTEE  STUDIES  IN  PROGRESS 

NOVEMBER  4-6  SSB  MEETING  TO  REVIEW  COMMITTEE  STUDIES  AND  NASA  PROGRESS 

FINAL  REPORT  AFTER  CONCLUSION  OF  MISSION  ANALYSIS  CONTRACT  PERIOD  OF 
PERFORMANCE 


SPACE  APPLICATIONS  BOARD  SUMMER  STUDY 

ON  THE 

PRACTICAL  APPLICATIONS  OP  SPACE  SYSTEMS 
AUGUST  15  - 21,  1982 

STATEMENT  OF  OBJECTIVE  FROM  THE  SAB  STUDY  PLAN 

" DETERMINING  GENERIC  TECHNICAL  REQUIREMENTS  THAT  SHOULD  EE 
CONSIDERED  IN  CONCEPTUAL  DESIGN  OF  SPACE  STATIONS  OR  SPACE  PLATFORMS, 
SO  THAT  ANY  SUCH  STATIONS  OR  PLATFORMS  WOULD  HAVE  MAXIMUM  UTILITY  FOR 
PRACTICAL  APPLICATIONS  OF  SPACE  SYSTEMS . " 

STUDY  PANELS 

EARTH'S  RESOURCES  (A,  RICHARD  BALDWIN,  CARGILL,  INC.) 

EARTH'S  ENVIRONMENT  (LAWRENCE  R.  GREENWOOD,  BALL  CORPORATION) 

OCEAN  OPERATIONS  (JAf’t?  H.  GUILL,  LOCKHEED  MISSILES  S SPACE  CO.) 

SATELLITE  COMMUNICATIONS  (DONALD  2.  NOHAKOWSKI,  WESTERN  UNION) 

MATERIALS  PROCESSING  IN  SPACE  (ROBERT  A.  LAUDISE  — BELL 

KENNETH  A.  JACKSON  LABS) 

SYSTEMS  DESIGN  (ALBERT  E.  SABROFF,  TRW) 


SPACE  APPLICATIONS  BOARD  SUKRIEP.  STUDY 


REPORT  SCHEDULE 

ORAL  REPORT  TO  ASSOCIATE  ADMINISTRATOR  FOR  SPACE  SCIENCE  AND 
APPLICATIONS  - AUGUST  21, 


FOLLOWING  NATIONAL  RESEARCH  COUNCIL  REVIEW,  TWO  FORMAL  REPORTS  WILL 
BE  MADE 


- A LETTER  REPORT  IN  OCTOBER 


A FINAL  REPORT  IN  THE  SPRING  OF  1983 


IF,  ^ 


SPACE  APPLICATIONS  BOARD  SUMMER  STUDY 
ORAL  REPORT  HIGHLIGHTS 

0 NO  APPLICATIONS  PANEL  POUND  THEIR  NEEDS  ALONE  SUFFICIENT  TO  JUSTIFY  A 
SPACE  STATION,  BUT  ALL  STATED  THAT  A MANNED  "SERVICE  STATION"  IN  SPACE 
FOR  SERVICING,  REPAIR  AND  REPLACEMENT  AND  INSTRUMENT  CALIBRATION  WOULD 
REPRESENT  AN  IMPORTANT  FUNCTIONAL  CAPABILITY  FOR  FUTURE  SYSTEMS 

O THESE  PANELS  ARGUED  THAT  ADVANCES  ARE  NEEDED  IN  THE  TECHNOLOGY  OF 

APPLICATIONS  SYSTEMS  IN  ORDER  TO  ACHIEVE  A USEFULNESS  WHICH  JUSTIFIES 
THE  DEVELOPMENT  OF  STATIONS  OR  PLATFORMS  TO  CARRY  THEM 


SPACE  APPLICATIONS  BOARD  SUMMER  STUDY 


ORAL  REPORT  HIGHLIGHTS 
(CONTINUED) 


0 EARTH  OBSERVATION  PANELS  FOUND  USEFUL  APPLICATION  FOR  LARGE  MAN-TENDED 
PLATFORMS  IN  NEAR  POLAR  ORBITS 

POTENTIAL  NEEDS:  BIG  INSTRUMENTS  - LIDAR  AND  MICROWAVE 

LONG  TERM  OBSERVATIONS 
INTEGRATED  OBSERVATIONAL  SYSTEMS 

0 THE  SATELLITE  COMMUNICATIONS  PANEL  FOUND  THAT  ALL  OF  ITS  KNOWN  REQUIREMENTS 
THROUGH  THE  YEAR  2000  COULD  BE  MET  USING  SHUTTLE/CENTAUR  CAPABILITY.  COST 
EFFECTIVENESS  OF  LEO  STAGING  TO  GEO  NEEDS  STUDY,  AND  THE  EMERGENCE  OF  MOBILE 
COMMUNICATIONS  REQUIREMENTS  COULD  REQUIRE  THE  FABRICATION  OF  LARGE  STRUCTURES 
IN  LEO  FOR  TRANSFER  TO  GEO 

0 THE  MATERIALS  PROCESSING  IN  SPACE  PANEL  FOUND  THAT  MATERIALS  SCIENCE,  ALTHOUGH 
NOT  A DRIVER,  COULD  BENEFIT  FROM  THE  EXISTENCE  OF  A SPACE  STATION  IN  ANY 
INCLINATION  LEO 

0 THE  SYSTEMS  DESIGN  PANEL  STRONGLY  RECOMMENDED  EMPHASIS  ON  THE  IMPROVEMENT 
OF  THE  CAPABILITIES  AND  ENABLING  TECHNOLOGY  OF  MAN  IN  SPACE  AND  CAREFUL 
TRADE-OFFS  BETWEEN  TELEPRESENCE  AND  PHYSICAL  PRESENCE.  THE  PANEL  FOUND 
MAN-IN-SPACE  AN  APPLICATION  IN  ITS  OWN  RIGHT  WITH  SIGNIFICANT  FUTURE 
POTENTIAL 


SUMMARY 


NEW  OPPORTUNITIES 

PERMANENT  HABITABLE  ENVIRONMENT 
CAPABILITY  FOR  SERVICING,  CONSTRUCTION 
NODE  FOR  TRANSPORTATION.  COMMUNICATION 

QUALIFICATIONS 

NOT  NECESSARY  FOR  ALL  REQUIREMENTS 
POSSIBLE  CONTAM I N AT I ON/ I NCOMPAT ABILITIES 
COST/SCHEDULE  IMPLICATIONS 

ORIENTATION  BRIEFING  IS  A DESCRIPTION  OF  THE  TOTAL  NASA  PROGRAM. 

WITH  TENTATIVE  BOUNDS  ON  THE  REQUIREMENTS 

MID-TERM  BRIEFING  WILL  IDENTIFY  THAT  PORTION  OF  THE  PROGRAM  WHICH 

APPEARS  TO  BE  MOST  SUITABLE  FOR  ASSOCIATION  WITH  THE  SPACE  STATION 

CONTRACTORS  ARE  ENCOURAGED  TO  BE  IMAGINATIVE  IN  SATISFYING  REQUIREMENTS 
FOR  SCIENCE  AND  APPLI  .ATIONS 


NASA  OFFICE  OF  SPACE  SCIENCE  AND  APPLICATIONS 

LIFE  SCIENCES 


LIFE  SCIENCE  CONSIDERATIONS  FOR 


SPACE  STATION 


W.  P.  BISHOP 


1H  SEPTEMBER  1982 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


LIFE  SCIENCE  GOALS 


• MAXIMIZE  HUMAN  PRODUCTIVITY  IN  SPACE 

- UNDERSTAND  PHYSIOLOGY 

- EXTEND  PERFORMANCE 

- HEALTH  MAINTENANCE 

- DEVELOP  COUNTERMEASURES 

• PROVIDE  SCIENTIFIC  BASE  FOR  FUTURE 
MANNED  MISSIONS 

- LONG  TERM  PHYSIOLOGICAL  CHANGES 

- ADVANCED  LIFE  SUPPORT 

- MEDICAL  CARE  IN  SPACE 

• USE  SPACE  ENVIRONMENT  TO  UNDERSTAND 
BIOLOGICAL  SYSTEMS 

• UNDERSTAND  THE  ORIGIN,  ROLE  AND 
DISTRIBUTION  OF  LIFE  IN  THE  UNIVERSE 


ORIGINAL  FAGS 
OF  POOR  QUAL 


LIFE  SCIENCES  PROGRAM 


oJTmedIcal  &NbiologkalTprocessesS  °F  THE  SPAC£  ENVIR0NMENT 

OPERATIONAL  MEDICINE 

DATA  FROM  STS  FLIGHTS 
EFFICACY  OF  COUNTERMEASURES 

BIOMEDICAL  RESEARCH 

SPACE  MOTION  SICKNESS 
CARDIOVASCULAR  DECONDITIONING 
FLUID/ELECTROLYTE  CHANGES 
CALCIUM  LOSS  FROM  BONE 
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LIFE  SUPPORT  SYSTEMS 

OPEN-LOOP  WATER/OXYGEN  SYSTEMS 
CLOSED-LOOP  WATER/OXYGEN/NUTRIENT  SYSTEMS 


SPACE  BIOLOGY 

EFFECTS  OF  GRAVITY  ON  PLANT  SYSTEMS 

ROLE  OF  GRAVITY  IN  BASIC  BIOLOGICAL  PROCESSES 

EXOBIOLOGY 

*5^^  LlFE 

FLIGHT  PROGRAM 

SPACELAB  AND  STS  EXPERIMENTS 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 
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The  Human  in  Space 


RADIATION  EFFECTS 


POINT  OF  ADAPTATION 

TIME  SCALE  (MONTHS) 


■I  ■ m 


OF.  POOR  QUALITY 


s 


/ 


i 

CATIONS 

DATE: 

9/14/82 

o 

*rt 


O 

30 


TJ 

O 

O 

33 

O 

C 

3> 

r* 


Q 

> 

r* 

3* 

fTD 

S*1 


< <ig 


.i  i ft 


• IF! 


r/J * I 

" • < > 

fv;  I • 

it! 

r 

ORIGINAL  PACX 
OF  POOR  QUAu 


Krai 

<0 

ill 

1 ^nmK 

■€'^K^hM  " 

<3i: 


Riant  Geotropism 


NASA  OFFICE  OF  SPACE  SCIENCE  AND  APPLICATIONS 

LIFE  SCIENCES 


DATE: 


CONSIDERATIONS  FOR  THE  SPACE  STATION 


SCIENCE 

OPERATIONAL  MEDICINE 
TESTS 


ORIGINAL  PAGE  £3 
OF  POOR  QUALITY 


ASSUMPTIONS 


SPACE  STATION 

0 LEO/LOW  INCLINATION 
0 SHUTTLE  SUPPORTED 
0 CONTINUOUSLY  MANNED.  4 CREWMEN 
0 EVA  - EIGHT  PSI  SUIT 
0 MODULAR  GROWTH  CAPABILITIES 

LIFE  SCIENCES 

0 SURGICAL  TESTS  PERFORMED 

0 STAY  TIME:  CREW  > 3 MONTHS;  ANIMALS  AS  REQUIRED 
0 LOW  ACCELERATION  (10"4G)  AVAILABLE 

GENERAL 

0 GLOBAL  BIOLOGY  AND  BIOPROCESSING  - COVERED  ELSEWHERE 
0 WARFARE  HAZARDS  AND  PROTECTION  - IGNORED 
v — J 
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LIFE  SCIENCES 


0 HEALTH  MAINTENANCE 
VIVARIA 

LABORATORIES  - HUMANS  AND  ANIMAL 
GROUND  SUPPORT 
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0 ON-BOARD  DATA  MANAGEMENT 
0 ON-BOARD  SAMPLE  ANALYSIS 
0 ARTIFICIAL  GRAVITY 
0 DATA  TRANSMISSION 

0 AUTOMATIC  OPERATION  OR  CREW  VISITATION  TO  ANIMALS/PLANTS 
0 ON-BOARD  CREW  PHYSICAL  FITNESS  PROVISIONS 
0 MAINTENANCE  OF  CREW  PSYCHOLOGICAL  WELL  BEING 
0 MEASUREMENT  OF  CREW  PERFORMANCE 
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LIFE  SCIENCES 


IQ-P  LEVEL  CONSIDERATIONS  (DINT 'n ) 


:rew  saffty  ANn 


HEALTH 


0 TREATMENT  OF  DECOMPRESSION 

0 LIFE  SUPPORT  SYSTEM 

0 MAXIMUM  HABITABILITY 
0 COMPARTMENTALIZATION 
0 HABITAT  PURGE /RECOMPRESSION 


[ERFACE  CONSIDERATTONS 
0 PERIODIC  RESUPPLY 
0 ISOLATE  CREW  HABITAT 


FROM  VIVARIA 
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LIFE  SCIENCES 


SCIENTIFIC  r.nN^TnFr?ATyn>[^ 

0 HUMANpPHYSIOLOGICAL  BASELINE  SHIFTS  (HUMAN  6 ANIMAL 

- CARDIOVASCULAR  SYSTEM 

- MUSCULOSKELETAL  METABOLISM 

- HEMATOLOGY  AND  IMMUNOLOGY 

- OTHERS 
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o INTERNAL  ENVIRONMENT 
o ARCHITECTURE 
o MOBILITY 
o CLOTHING 
o PERSONAL  HYGIENE 
o HOUSEKEEPING 
o COMMUNICATIONS 
o CREW  ACTIVITIES 


IMASA  OFFICE  OF  SPACE  SCIENCE  AND  APPLICATIONS 

LIFE  SCIENCES 


|°ATE:  9/14/82 

AOVANCFD  LIFE  SUPPORT  AND  EVA  SYSTEMS 
0 ALS 

- REGENERATIVE  PROCESSES 

- TECHNOLOGY  AND  SUBSYSTEM  DEVELOPMENT 

0 CELSS 

- NONBIOLOGICAL  SUBSYSTEMS 

- BIOLOGICAL  PROCESSES 

- LARGE  SCALE  TESTS 

0 EVA 
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EXPERIMENTS 
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LIFE  SCIENCES 
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LIFE  SCIENCES  ANIMAL  VIVARIUM 


■jta m* 


Mr 


'*Jxmi 

-"  CL 


OO.^O 


po  Q- 


ORIGINAL 
OF  POOR 


RATIONALE  OF  THE 
ASTROPHYSICS  PROGRAM 

USE  SPACE  TO  REMOVE  LIMITATIONS 

• WAVELENGTH  COVERAGE 

• ANGULAR  RESOLUTION 

• TEMPORAL  RESOLUTION 

• SENSITIVITY 
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GAMMA  RAY 


ORIGINAL  PACE 


ASTROPHYSICAL  DISCOVERY 


1 STAR? 

2 PLANF7S 

3 NOVAS 
« COMET?: 

5 MOONS 

6 RINGS 

7 GALACTIC  CLUSTERS 

fl  CLUSTERS  OF  GALAXIES 
9 INTERPLANETARY  MATTER 

10  ASTEROIDS 

11  MULTIPLE  STARS 

12  VARIABLE  STARS  WITH  NEBULOSITY 

13  PLANETARY  NEBULAS 
1«  GLOfc'JL  aR  CLUSTERS 

15  iONlZLD  GAS  CLOUDS 

16  COLD  INTERSTELLAR  GAS 

17  GIANTS/MAIN  SEQUENCE  STARS 

18  COSMIC  RAYS 

19  PULSATING  VARiABLES 

20  WHITE  DWARFS 

21  GALAXIES 

22  COSMIC  EXPANSION 

23  INTERSTELLAR  DUST 

24  NOVAE/SUPERNOVAE 

25  GALAXIES  WITH/WITHOUT  GAS 

26  SUPERNOVA  REMNANTS 

27  RADIO  GALAXIES 

28  MAGNETIC  VARIABLES 

29  FLARE  STARS 

30  INTERSTELLAR  MAGNETIC  FIELDS 

31  X-RAY  STARS 

32  X-RAY  BACKGROUND 

33  QUASARS 

34  MICROWAVE  BACKGROUND 

35  MASERS 

36  INFRARED  STARS 

37  X-RAY  GALAXIES 

38  PULSARS 

39  GAMMA-RAV  BACKGROUND 

40  INFRARED  GALAXIES 

41  SUPERLUMINAL  SOURCES 

42  GAMMA-RAY  BURSTS 

43  UNIDENTIFIED  RADIO  SOURCES 
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ACCUMULATED  DISCOVERIES 


ASTRONOMY  HIGH  ENERGY 
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THRUSTS  IN  SOLAR  PHYSICS 


FIRST  CUT 

INITIAL  SURVEY 

DETAILED  STUDY 
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MAJOR  MISSIONS  TO  STUDY  THE  UNIVERSE 
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SOLAR  PHYSICS 


MAJOR  MISSIONS  TO  STUDY  SOLAR  PHYSICS 


77  78  79  | 80  81  82  83  84  85  86  87  88  89  90  91  92  93 


ACTIVE  SUN 


SUN-WIND 

INTERFACE 


SCE 


SOLAR 

INTERIOR, 

STRUCTURE, 
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VARIABILITY 


| | PRIMARY  MISSION 
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ASTROPHYSICS  DIVISION 
Current  Program  Elements  (FY  1982-1983) 


0 Flight  programs  under  development 

- Major  missions 

Space  telescope  (ST) 

Gamma  ray  observatory  (GRO) 

International  solar  polar  mission  (ISPM) 

- Explorers 

San  marco-d  (SM-D) 

Infrared  astronomy  satellite  (IRAS) 

Active  magnetospheric  particle  tracer  explorer  (AMPTE) 
Cosmic  background  explorer  (COBE) 

- Spacelab 

Solar  optical  telescope  (SOT)  • 

Principal  investigator  instruments 
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ASTROPHYSICS  DIVISION 

Astronomy  Survey  Committee  (field  Committee) 


Recommendations  Relevant  to  NASA  Programs 


Major  New  Programs 

Advanced  x-ray  astrophysics  facility' 

Largs,  deployable  Reflector  in  Space  .u 

Moderate  New  Programs 

^Augmentation  to  explorer  Program 

Far-Ultraviolet  spectrograph  in  Space 

Space  Very  long-eiaseline  interferometry  antenna 

Advanced  solar  observatory 

Cosmic  ray  experiments  in  space 

Astronomical  search  for  extraterrestrial  intelligence 

i 

Programs  for  Study  and  Development 

Future  x-ray  observatory  in  space 
Gravity  wave  detector 

Long  duration  space  flight  of  cryogenically  cooled  infrared  telescopes 

Very  large  telescope  in  space 

Advanced  interferometry 

Advanced  gamma-ray  experiments 

Astronomical  OdSERV/.r ils  or  the  ;.oon 


ASTROPHYSICS  DIVISION 

Future  Programs 


o Major  Flight  Missions 

- Advanced  x-ray  astrophysics  facility  (AXAF) 

- Deployable  IR  and  sub  mm  antenna 

o Moderate  Flight  Missions 
Gravity  probe-b 

Solar  internal  dynamics  mission 
o Explorers 

- Extreme  ultraviolet  explorer 

- X-RAY  TIMING  EXPLORER 

0 Spacelab/Space  Station 

- Shuttle  infrared  telescope  facility  (SIRTF) 

- Starlab 

- Principal  Investigator  Instruments 
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Advanced  X-Ray  Astrophysics  Facility  (AXAF) 


Objective: 

Recommended 

By: 

Study  Phase: 

AO  Release: 

Start 

Candidate: 


Status 


To  provide  a major  x-ray  observatory  for  long  term,  high 

SENSITIVITY  AND  HIGH  RESOLUTION  ASTRONOMICAL  RESEARCH- 


NAS/Astronomy  Survey  Committee  (Field  Committee) 
NAS/Committee  on  Space  Astronomy  and  Astrophysics 


Concept  Feasibility  (1978) 

Science  Working  Group  Report  (1980) 
Extended  Phase  A Study  (FY  82) 
Technology  Development  (FY  82-83) 
Contracted  Phase  B Studies  (FY  89-85) 


March  1983 


FY  1986 
1991 


Launch: 


SOLAR  CORONA  EXPLORER 
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Requirements  for  Astrophysics  Investigations 
That  Might  Be  Conducted  From  a Space  Station 


I UV-optical  astronomy 

Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Hass 

Revisit  interval 
Real-time  ops? 


T££ica^L 
28 . 5 

Celestial 
2 rain 
1 0 sec 
100  kbps 
1 kW 
1000  kg 


Limiting 
28 . 5 

Celestial 
5 sec  (FUSE) 

2 sec  (FUSE) 

1 Mbps  (Star  lab) 

2 kW  (Starlab) 
1800  kg 


Not  critical 

Some  for  target  acquisition 


Major  susceptibilities 
Thermal 

Manned  services  required/desired? 


Materials  that  can  condense  on 
optics;  particles  or  gas  that 
scatter  ultraviolet  light 
100  W 200  W (Starlab) 

None  Small  repairs 


II  Infrared-radio  astronomy 

Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Mass 

Revisit  interval 
Real-time  ops? 

Major  susceptibilities 


Thermal 

Manned  services  requ i r ed/des i r ed ? 


28.5 

Celestial 
2 min 
2 min 
1 Mbps 
200  W 
400  kg 
Not  c r i t . 
Some  for 
verifying 


Limiting 
57.0  (OVLBI) 

Celest ia  1 
1 . 6 mi n ( S I RTF  ) 

2 sec  (SIRTF) 

12  Mbps  (OVLDI  ) 

500  W ( OVLBI  ) 

6515  kg  (SIRTF) 

6 months  (SIRTF) 
target  acquisition  and 
operat ion 


RF  in  Heat  sources  within 

band  60  degrees  of  F0V, 

water,  carbon 
dioxide,  and 
particles  (SIRTF) 
200  W 500  W (OVLBI) 

None  Small  repairs 


Ill  X-ray  astronomy 


Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Mass 

Revisit  interval 
Real-time  ops? 

Major  susceptibilities 
Thermal 

Manned  services  r equir ed/dea i r ed? 


IV  Gamma-ray  astronomy 

Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Mass 

Revisit  interval 
Real-time  ops? 

Major  susceptibilities 
Thermal 

Manned  services  required/desired? 


V  Cosmic-ray  astrophysics 

Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Mass 

Revisit  interval 
Real-time  ops? 

Major  susceptibilities 
Thermal 

Manned  services  required/desired? 


T^Rical  Limiting 

0.0  T2E.5  acceptTETe) 
Celestial  Celestial 

3 min  (LAMAR) 

10  sec  (LAMAR) 

125  kbps  (LAMAR) 

2 kW  (LAMAR) 

9289  kg  (LAMAR) 

3 years  (LAMAR) 

Monitor  Monitor 

None  identified 
Passive 

None  Small  repairs 


Typical  L im.i  t i n& 

0.0  (28.5  aceeptTble) 
Celestial  Celestial 
6 min  (HRS) 

36  sec  (HRS) 

30  kbps  (HRS) 

200  W 

500  kg  (HRS) 

6 months  (HRS) 

Monitor  (HRS) 

Radiation 

Passive 

None  Small  repairs 


Typica 1 Limiting 

57.0  9070 

Anti-earth 
Not  critical 
Not  critical 

100  kbps  102  kbps  (SCRN) 

330  W 550  W (TRIC) 

2826  kg  5750  kg  (TRIC) 

6 months 
Monitor 

None  identified 

Passive 

None 
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VI  Solar  physics 
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Preferred  orbital  inclination 

Pointing  direction 

Pointing  accuracy 

Pointing  stability 

Data  rates 

Power 

Mass 

Revisit  interval 
Real-time  ops? 

Major  susceptibilities 
Thermal 

Manned  services  required/desired? 


Typical  L i_m  i^t  i ng 

28.5  99 . 0~7siDM) 

Solar 

20  sec  10  sec  (SCDM) 

2 see  0. 1 sec  (SOT) 

650  kbps  42  Mbps  (ASO) 

200  W 6 kW  <AS0) 

500  kg  11,000  kg  (ASO) 

6 months 
Yes  Yes 

Hydrocarbons  and  particles 
Passive 

None  Interactive  ops 


Mi-  t 


SUMMARY 


ASTROPHYSICS  REQUIREMENTS  FOR  A SPACE  STATION 

o Service  our  major  obser vator ies 
o Assemble  our  large  observatories 

o Flexible,  new  tool  for  Astrophysics  investigations 

1.  Attach  investigations  that  can  tolerate  disturbance 

2.  Attach  less  tolerant  investigations 

CONCERNS 

o Pointing  stability 
o Long  duty  cycle 


o Contamination 
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ENVIRONMENTAL  OBSERVATIONS  PROGRAM 


ATMOSPHERIC  COMPOSITION 


OCEANOGRAPHY 


WEATHER  & SEVERE  STORMS 


SPACE  PLASMAS 


NASA  MQ  EB8I-1846  I 31 
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ENVIRONMENTAL  OBSERVATION  DIVISION 
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ENVIRONMENTAL  OBSERVATIONS  DIVISION 
KEY  PERSONNEL 


DIRECTOR 

DR.  S.  G.  TILFORD 

755-8620 

ADVANCED  PLANNER 

DR.  DIXON  M.  BUTLER 

755-8604 

OCEANS  CHIEF 

DR.  W.  STANLEY  WILSON 

755-8576 

AIR-SEA  INTERACTION 

DR.  L.  F.  MCGOLDRICK 

755-8576 

OCEAN  OPTICS 

DR.  KENDALL  L.  CARDER 

755-8576 

GLOBAL  WEATHER 

MR.  JOHN  $-  THEON 

755-8596 

CLIMATE 

DR.  ROBERT  A-  SCHIFFER 

755-8596 

SEVERE  STORMS 

DR.  JAMES  C.  DODGE 

755-8596 

SPACE  PLASMA  PHYSICS 

DR.  E.  R.  SCHMERLING 

755-8573 

SPACE  PLASMA  PHYSICS 

DR-  MICHAEL  J.  WISKERCHEN 

755-8673 

SPACE  PLASMA  PHYSICS 

DR.  JOHN  T.  LYNCH 

7 55-8576 

AIR  QUALITY 

DR.  ROBERT  J.  MCNEAL 

755-8566 

UPPER  ATMOSPHERE 

DR.  ROBERT  T-  WATSON 

755-8566 

OPER.  MET.  SATS./OSIP 

MR.  RAY  J.  ARNOLD 

7 55-8617 

MARS 

MR.  DOUGLAS  R.  BROOME 

755-8576 

ERBE/HALOE 

MR.  RICHARD  S.  DILLER 

755-8617 

S/L  P/L  AND  EXT'!)  OH'S 

MR.  GEORGE  F.  ESENWEIN 

755-8617 

TOPEX  OCEANS  STUDIES 

MR.  WILLIAM  F.  TOWNSEND 

755-8576 

lx  . 
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UNDERSTAND  THE  FLAW  OF  ENERGY  FROM  THE  SUN  THROUGH  THE  ENVIRONMENT 

- SOLAR  OUTPUT 

- SUN-EARTH  INTERACTIONS 

- CIRCULATION  OF  THE  ATMOSPHERE  AND  OCEANS 

- COUPLING  OF  THE  GLOBAL  ENVIRONMENTAL  SYSTEM 

DETERMINE  MAN'S  ROLE  IN  THE  ENVIRONMENT 

- ATMOSPHERIC  COMPOSITION 

- OCEAN  PRODUCTIVITY 

- CLIMATE  CHANGE 

MAKE  FORECASTS  AND  ASSESSMENTS 

- OZONE  DEPLETION 

- CLIMATE  FORECASTS 

- OCEAN  CHANGES 

- WEATHER  AND  SEVERE  STORMS  ’ 

- SOLAR  VARIABILITY 


OKlCu  1 


FOR  ANY  PROBLEM:  THE  PROCESS 


• COORDINATED  MEASUREMENTS 

• INTENSE  OBSERVATIONS 

• lONG-TERM/CONTINUOUS  • RELIABILITY  OF  DATA  BASE 


• PHYSICS/CHEMISTRY 

• DYNAMICS  NASA  MO  EB80 

& 6 80 
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SPACE  PLASMA  PHYSICS  PROGRAM 
OBJECTIVES 

TO  UNDERSTAND  SPACE  PLASMAS  AND  THE  COMPLEX  INTERACTIVE 
PROCESSES  THAT  COUPLE  THE  EARTH  AND  SUN  IN  WHICH  PLASMAS  PLAY 
A SIGNIFICANT  ROLE* 


MAIN  THRUSTS 

MEANS 

___  SYSTEM  STUDIES  (MULTI -SPACECRAFT) 
^ ACTIVE  EXPERIMENTS  (SPACELAB) 

ROCKETS 

VERTICAL  PROFILES 
LOW  ALTITUDES 
SPECIAL  STUDIES 

BALLOONS 

ELECTRIC  FIELDS 

DATA  ANALYSIS 

SUPPORTING 

CONCEPT  STUDIES 

RESEARCH  AND 

THEORY 

TECHNOLOGY 

MODELLING 

INSTRUMENT  DEVELOPMENT 

ORIGIN  OF  PLASMAS  IN  EARTH* S NEIGHBORHOOD  (OPEN! 

STATUS 


OBJECTIVE: 
RECOMMENDED  BY: 
AO  STATUS: 

STUDY  STATUS: 

START: 

LAUNCH: 

CENTER: 

CONFIGURATION: 


ASSESS  THE  FLOW  OF  ENERGY  AND  MATTER  THROUGH  THE  SOLAR 
WIND-MAGNETOSPHERE- IONOSPHERE  SYSTEM 

INT'L  MAGNETOSPHERIC  STUDY  STEERING  COMMITTEE  JULY  1079 
NATIONAL  ACADEMY  COMM.  ON  SOLAR  AND  SPACE  PHYSICS  JAN  1980 

RELEASED  OCT  1979 

SELECTION  FOR  DEFINITION  PHASE  DECEMBER  198] 

CONCEPT  STUDIES  STARTED  197R 
PHASE  B INSTRUMENT  STUDIES  UNDERWAY 
EXTENDED  PHASE  A SPACECRAFT  STUDY 

1986 

i 

1990 

GODDARD  SPACE  FLIGHT  CENTER 

4 SPACECRAFT  IN  UNIQUE  ORBITS  WITH  DIFFERING  INSTRUMENT 
SETS 


ATMOSPHERIC  CHEMISTRY 
PROGRAM  ELEMENTS 


LABORATORY  MEASUREMENTS 

DESIGN  PARAMETERS  FOR  MEASUREMENT  TECHNIQUES 
REACTION  MECHANISMS  AND  RATES  FOR  MODELS 

GROUND)  AIRCRAFT,  BALLOON,  ROCKET  EXPERIMENTS 

PROCESS  DETERMINATION 
GROUND  TRUTH 

REMOTE  SENSOR  TECHNOLOGY  DEVELOPMENT 

SATELLITES 

GLOBAL  CHEMICAL  CLIMATOLOGY  AND  MORPHOLOGY  £ : ; 

LARGE  SCALE  PROCESS  DETERMINATION  f: 

UNIFIED  DATA  SET 

NUMERICAL  MODELING 

GUIDE  FOR  MEASUREMENT  DESIGN  AND  STRATEGY 
QUANTIFY  UNDERSTANDING  AND  INTERPRET  RESULTS 
ENVIRONMENTAL  IMPACT  ASSESSMENT  AND  PREDICTION 


NASA  HQ  EMI  189? 
6/4/81 
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UPPER  ATMOSPHERE  RESEARCH  SATELLITE  (IIARS) 

STATUS 


OBJECTIVE: 

OBTAIN  INTEGRATED  GLOBAL  MEASUREMENTS  OF  UPPER  ATMOSPHERE 
COMPOSITION,  DYNAMICS,  AND  ENERGY  INPUT 

RECOMMENDED  BY: 

SPACE  SCIENCE  BOARD 

COMMITTEE  ON  SOLAR  TERRESTRIAL  RELATIONSHIPS 

STUDY  PHASE: 

SCIENTIFIC  WORKING  GROUP  OCTOBER  1077  - JULY  1978 

AO  RELEASED: 

SEPTEMBER  15,  1978 

PRELIMINARY  SELECTION: 

APRIL  1980  (16  EXPERIMENTAL  8 10  THEORETICAL  INVESTIGATIONS) 

PHASE  B INSTRUMENT  STUDIES: 

MAY  1980  - NOVEMBER  1981 

FINAL  SELECTION: 

NOVEMBER  1981  (9  EXPERIMENTAL  & 10  THEORETICAL 
INVESTIGATIONS) 

START: 

EXPERIMENTS  AND  MISSION  STUDIES:  FY  1982 
SPACECRAFT  AND  GROUND  SEGMENTS:  FY  1989  CANDIDATE 

LAUNCH: 

FALL  1988 

CENTER: 

GODDARD  SPACE  FLIGHT  CENTER 

CONFIGURATION: 

ONE  SPACECRAFT  IN  600  KM,  57°  ORBIT,  18  MONTH  LIFETIME 

ORIGINAL  p-V. 


ORBITAL  LIDAR  FACILITY 


OBJECTIVE: 

USES: 

STUDY  PHASE: 
START: 


8 


TEST  LASER  REMOTE  SENSING  CONCEPTS  USING  AN 
EVOLUTIONARY  FACILITY  CARRIED  ON  SHUTTLE 

REMOTE  TROPOSPHERIC  COMPOSITION  MEASUREMENTS 
HIGH  VERTICAL  RESOLUTION 

INCREASED  SENSITIVITY  IN  ATMOSPHERIC  SOUNDING  GENERALLY 
PHASE  A STUDY  COMPLETED  IN  1980 
1987  NEW  START  CANDIDATE 


i 


E-93 


ORIGINAL 

OF  POOR  QUALITY 


WEATHER  AND  SEVERE  STORMS 
PROGRAM  ELEMENTS 


SATELLITES 

INITIAL  CONDITIONS  FOR  MODELS 
OBSERVE  ATMOSPHERIC  PROCESSES 
SEVERE  STORM  TRACKING  FOR  WARNINGS 

FIELD  EXPERIMENTS 

DETERMINE  SMALL  SCALE  PROCESSES 
GROUND  TRUTH 

GUIDE  REMOTE  SENSOR  TECHNOLOGY  DEVELOPMENT 

NUMERICAL  MODELING 

WEATHER  PREDICTION  AND  STORM  WARNINGS 
ASSESSMENT  OF  NEW  OBSERVATION  TECHNIQUES 
QUANTIFY  UNDERSTANDING  E 

HO  F881 


-94 

1871 


WiNDSAT 


OBJECTIVE: 

MEASUREMENT 

STUDY  PHASE 
START: 


MEASURE  WIND  VECTOR  PROFILES  USING  DOPPLER  LIDAR 

NEEDS:  GLOBAL  COVERAGE  FOR  ONE  YEAR  PLUS 

1 KM  VERTICAL  RESOLUTION  TO  >15  KM  ALTITUDE 
1 M/S  ACCURACY  IN  WIND  SPEED 

NASA  AND  NOAA  FEASIBILITY  STUDIES  COMPLETED  1982 

1988  NEW  START 


« 


ORIGINAL  PAG£ 

OF  POOR  QUALITY 


o 


OCEAN  COLOR  IMAGER  (OCL1 


OBJECTIVE: 

RECOMMENDED  BY: 
STUDY  STATUS: 

START: 

LAUNCH: 

CENTER: 

CONFIGURATION: 


MEASURE  GLOBAL  OCEANIC  CHLOROPHYLL  IN  ORDER  TO 
UNDERSTAND  OCEAN  PRIMARY  PRODUCTIVITY 

OCFAN  SCIENCF  BOARD  (1982) 

SCIENCE  RFOIIIREMENTS  AND  ACCOMODATION  STUDIES 
VIRTUALLY  COMPLETE 
NOAA  INTERESTED  IN  JOINT  EFFORT 

1989  NEW  START  CANDIDATE  - NEEDED  TO  MEET  SCHEDULF 

PIGGYBACK  FLIGHT  OPPORTUNITY  ABOARD  NOAA-H 

GODDARD  SPACE  FLIGHT  CENTER 

MIRROR  SCAN,  6 CHANNEL,  VISIBLE  AND  NEAR  VISIBLE 
RADIOMETER 


0 mo6  jo 

S "1VN19IM0 


• SURFACE  CURRENTS  OBTAINED 
FROM  MEASUREMENT  OF  ELEVATION 
OF  SEA  SURFACE 


• RELATE  REDISTRIBUTION  OF  HEAT 
BY  GLOBAL  CURRENTS  TO  CLIMATE 


5 • BENEFIT  IN  LOCATING  FRONTS 

\ AND  EDDIES  FOR  NAVY 


? • A DEDICATED  MISSION  IS  REQUIRED 

> 

i 


71  8°W  66. 3°  W 

LATITUDE  l°NI 


NASA  MOV  9)6  131 
« 30  S? 


OBJECTIVE: 
RECOMMENDED  BY: 


STUDY  STATUS: 

START: 

LAUNCH: 

CENTER: 

CONFIGURATION: 


TOPOGRAPHY  EXPERIMENT  (TOPFX) 

STATUS 

TO  ADVANCE  OUR  UNDERSTANDING  OF  GLOBAL  OCEANIC  CIRCULATION 

NATIONAL  ADADEMY  OF  SCIENCES  (SPACE  SCIENCE  BOARD/COMMITTEE  ON  EARTH 

SCIENCES;  OCEAN  SCIENCE  BOARD;  CLIMATE  BOARD;  COMMITTEE  ON  GEODESY) 
(1082) 

- NATIONAL  ADVISORY  COMMITTEE  ON  OCEANS  AND  ATMOSPHERE  (1981) 

- COMMITTEE  FOR  CLIMATE  > HANGE  IN  THE  OCEAN  (1982) 

- JOINT  SCIENTIFIC  COMMITTEE  (1982) 

- SCIENCE  REQUIREMENTS  DEFINED  1981 

- PHASE  A COMPLETED  1981 

- LOW  COST  APPROACH  UNDER  STUDY 

- BREADBOARDING  OF  HIGH  TECHNOLOGY  ITEMS  IN  PROGRESS 

1985  NEW  START  CANDIDATE  ' 

1988 


JET  PROPULSION  LABORATORY 

DEDICATED  ALTIMETER  MISSION  FOR  5 YEARS  IN  1300  KM,  65°  ORBIT  WITH 
PRECISELY  REPEATING  GROUND  TRACKS  EVERY  10  DAYS 


/ 


OF  P0Ci7  c 


* 

OBJECTIVE: 
RECOMMENDED  BY: 

STUDY  STATUS: 

START: 

LAUNCH: 

CENTER: 


■ i •*  v 1 w n * ' ^ « 1 # 


i.mipip  i i ill  ujiu 


WIND  SCATTFROMETER  (SCATT) 

STATUS 

PROVIDE  GLOBAL  MEASIIREMEMTS  OF  OCEAN  SURFACE  WINDS,  AND  TO  UNDERSTAND 
THE  WIND  DRIVEN  COMPONENT  OF  THE  OCEAN  CIRCULATION 

- NATIONAL  ACADEMY  OF  SCIENCES  (SPACE  SCIENCE  BOARD/COMMITTEE  ON  EARTH 
SCIENCES;  OCEAN  SCIENCES  BOARD;  CLIMATE  BOARD)  (IDS?) 

- NATIONAL  ADVISORY  COMMITTEE  ON  OCEANS  AND  ATMOSPHERE  (1981) 

- COMMITTEE  FOR  CLIMATE  CHANGE  IN  THE  OCEAN  (1982) 

- JOINT  SCIENTIFIC  COMMITTEE  (1982) 

SCIENCE  REOll I REMENTS  DEFINED  - 1982 

FEASIBILITY  ASSESSMENT  OF  FLYING  PIGGYBACK  ON  TOPEX  UNDERWAY 
1985  NEW  START  CANDIDATE 

PIGGYBACK  POSSIBLE  ON:  NAVY  ROSS,  TOPEX,  CANADIAN  RADARSAT 
TBD 


CONFIGURATION: 


6 STICK  Ku  BAND  INSTRUMENT  WITH  RAIN  DETECTION  RADIOMETER 


ORIGm  F • 
OF  POOtt  Q'JA 


OBJECTIVE: 

STUDY  STATUS: 

START: 

CENTER: 

CONFIGURATION: 


BEL fLIlUG.. IflAfilHG, RAILAR  FXPFRmniT  (F[pfv' 

STATUS 

USE  A SYNTHETIC  APERTURE  RADAR  PRIMARY  SENSOR 
TO  CHARACTERIZE  Iff,  OCEAN  AND  LAND  FEATURES 

MISSION  REQUIREMENT S DEFINED  - ]9R? 

POSSIBLE  COOPERATION  WITH  CANADA'S  RADARSAT 

1087  NEW  SI  ART  CANDIDA! E 

JET  PROPULSION  LABORATORY 

POLAR  ORB!  I WITH  ISO  KH+  SWATH  WIDTH,  ?S  FI  RESOLUTION, 
AND  GLOBAL  COVERAGE  EVERY  3 DAYS 


r 


E- 

10’ 
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CrvIGIKAT  I 
OF  POOR  QUALITY 





CLIMATE  LONG  TERM  ML  JUREMENT  NEEDS 


SOLAR  OUTPUT 


EARTH  RADIATION  BUDGET 


AERO8OL8 


CLOUD8 


ATMOSPHERIC  COMPOSITION 


OCEAN  HEAT  TRANSPORT 


SNOW/ICE  COVER 


PRECIPITATION 


ENVIRONMENTAL  OBSERVATIONS  PROGRAM 


CORE  EFFORT 

RESEARCH,  DATA  ANALYSIS,  TECHNIQUE  DEVELOPMENT 

APPROVED  MISSIONS  IN  DEVELOPMENT 
AMPTE,  ERBE 

MAJOR  PROPOSED  MISSIONS 
1IARS,  OCI 

TOPEX,  SCATT 
OPEN 

LIDAR 

WINDSAT,  FIREX 

PROPOSED  MODEST  INITIATIVES 
SPACE  LAB  I,  II  AND  VI 
GLOBAL  TROPOSPHERE  EXPERIMENT1 
LIGHTNING  MAPPER 
OCEAN  DATA  SYSTEM 
AIR-SEA  INTERFACE  SPECIAL  STUDY 
SOLAR  CONSTANT  EXPLORER 


CATEGORILS  OF  ENVIRONMENTAL  [1BSFKVAHQM  HI  SSI  DUS 
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EXAMPlt:  UPPER  ATMOSPHERE  RESEARCH  SATFII1TF  FXPERIMFNTS  (IIARSF1 


MEASUREMENTS: 

OBJECTIVES: 
SPECIAL  NEEDS: 

IMPACTS: 


VISIBLE,  INFRARED,  ULTRAVIULET  AND  MICROWAVE  OBSERVATIONS 
OF  THE  EARTH'S  LIMB,  UV  NADIR  SOUNDING  FOR  OZONE,  UV  SOLAR 
AND  STELLAR  OBSERVATIONS 

UNDERSTAND  THE  COUPLING  OF  DYNAMICS,  ENERGETICS  AND  COMPOSITION 
OF  THE  STRATOSPHERE 

SIMULTANEOUS  VIEWING  OF  NADIR,  BOTH  LIMBS,  SUN,  AND  LIMB  + 45° 
OF  SATELLITE,  MASSIVE  PAYLOAD  02000KG),  SOLID  HYDROGEN  CRYOGEN 
(10°K),  GLOBAL  COVERAGE  AT  LIMB 

ONE  INSTRUMENT  LIFETIME  LIMITED  (18  MONTHS),  ORBITS  OF  ROUGHLY 
70°  INCLINATION,  SATELLITE  SIZE 


S0LU1 ION: 


UNIQUE  FREE  FLYER 


EXAMPLE:  OCEAN  CIRCULATIUM  TOPOGRAPHY  EXPERIMENT  (TOPEX) 


MEASUREMENTS: 
OBJECTIVES: 
SPECIAL  NEEDS: 

IMPACTS: 

SOLUTION: 


SEA  SURFACE  HEIGHT  TO  2 CM  ACCURACY 

DETERMINE  THE  GLOBAL  GEOSTROPH1C  CIRCULATION  OF  THE  OCEAN 

PRECISION  ORBIT  DETERMINATION,  COVERAGE  OF  GLOBAL  OCEAN, 

AVOID  TIDAL  ALIASING 

ORBIT,  SPACECRAFT  DESIGN 

AERODYNAMICALLY  CLEAN  SPACECRAFT  IN  63-4°  1384  KM  ORBIT  (UNIQUE) 


EXAMPLE:  LIGHTNING  MAPPER 


MEASUREMENTS: 

OBJECTIVES: 

SPECIAL  NEEDS: 

IMPACTS: 

SOLUTION: 


LOCATION  AND  STRENGTH  OF  LIGHTNING  FLASHES 

DETERMINE  THE  ROLE  OF  LIGHTNING  IN  THE  OVERALL 
ENVIRONMENTAL  SYSTEM 

CONTINUOUS  VIEWING,  DAY  AND  NIGHT  SENSITIVITY 
ORBIT 

GEOSYNCHRONOUS  (5  LOCATIONS) 


EXAMPLE:  HIGH  RESOLUTION  DUPPLER  IMAGER  (HRDi ) 


MEASUREMENTS: 
OBJECTIVES: 
SPECIAL  NEEDS: 

IMPACTS: 


DOPPLER  SHIFT  IN  VISIBLE  EMISSIONS  ON  THE  LIMB 

DIRECT  MEASUREMENT  OF  MIDDLE  ATMOSPHERE  WINDS 

POINTING  STABILITY  AND  KNOWLEDGE:  -03°  CONTROL, 
•002°/100  SEC  STABILITY,  -025°  YAW  KNOWLEDGE 

SPACECRAFT  DESIGN  AND  OPERATIONS 


SOLUTION: 


STABLE  PLATFORM 


EXAMPLE:  SPACELAB  VI  PAYLOAD 


MEASUREMENTS: 

OBJECTIVES: 

SPECIAL  NEEDS: 

IMPACTS: 


INJECT  WAVES  AND  ENERGETIC  PARTICLES  INTO  SPACE  PLASMAS 

CONDUCT  BASIC  PLASMA  PROCESS  STUDIES  AND  ACTIVELY  PROBE  TO 
OBSERVE  SPACE  PLASMA  ENVIRONMENT 

REAL-TIME  CONTROL  AND  COORDINATION,  HIGH  POWER  PULSES,  FLEXIBLE 
CHOICE  OF  ORIENTATION,  CO-ORBITING  DETECTORS 

MISSION  DESIGN  AND  OPERATIONS 


SULUflON: 


PRIMARY  CONTROL  OF  LARGE  PLATFORM  WITH  SUBSATELLI IES 


tXAflPLt : OLbAii  LULtiti  If-iAtiKK . (OU  1 


EXAMPLE:  FREE  FLYING  IMAGING  RADAR  EXPERIMENT  (F1REX) 


ficASUREMENT: 

OBJECTIVES: 

SPECIAL  NEEDS: 

IMPACTS: 

SOLUTION: 


HIGH  RESOLUTION  (25M)  MICROWAVE  IMAGE 

DETERMINE  DYNAMICS  OF  SEA  ICE,  CHARACTERIZE  STATE  OF 
VEGETATION,  MAP  SURF1C1AL  GEOLOGICAL  FEATURES 

GLOBAL  COVERAGE,  120  MBPS  DATA  RATE,  AXIS  OF  ANTENNA 
ALONG  VELOCITY  VECTOR,  6 KW  POWER 

ORBIT,  OPERATING  TIMELINE,  STABILITY,  SPACECRAFT  DESIGN 

POLAR  ORBIT,  ON  BOARD  PROCESSING  OR  TDRSS  WORKAROUND, 

CONSTRAINED  ORIENTATION  oc 


MEASUREMENT : 
OBJECTIVES: 
SPECIAL  NEEDS: 

IMPACTS: 

SOLUTION: 


EXAMPLE:  LI  PAR 

ATMOSPHERIC  RESPONSE  TO  LASER  RADIATION 

SOUND  FOR  WINDS  AND  CHEMICAL  COMPOSITION  OF  THE  ATMOSPHERE 

>3.5  KW  POWER,  LONG  LIFE  LASER,  CLEAN  OPTICS,  GLOBAL 
COVERAGE,  >2000  KG 

ORBIT,  STRUCTURE,  CONTAMINATION 

POLAR  ORBIT,  LARGE  SPACECRAFT  o 


I 


OP  [ 


EXAMPLE:  GEOSYNCHRONOUS  MICROWAVE  SOUNDING 


MEASUREMEN1 : 
OBJECTIVES: 

SPECIAL  NEEDS: 

IMPACTS: 

SOLUTION: 


MICROWAVE  EMISSIONS  OF  LAND,  OCEAN,  AND  ATMOSPHERE 

ALL  WEATHER  TIME  VARIATION  OF  ATMOSPHERIC  TEMPERATURE 
STRUCTURE,  MOISTURE,  AND  SURFACE  TEMPERATURE 

LARGE  ANTENNA  (>25M  DIAMETER) 

STRUCTURE,  ORBIT 

LARGE  SPACECRAFT 


i 


o o 

^ S3 


t)  ra 

O 


c : 


WEATHER  AiJD  SEVERE  STORMS  APPLICATIONS 


STORM 

WARNINGS 


r *%*?*';  ~m.xrr  . * -.r.  V 

MINIMIZE  LOSS  OF  LIFE  AND 
PROPERTY  DAMAGE 


ROUTINQ 


WEATHER 

FORcCASTING 


-C  ^ 

o 


PLANNING  HUMAN  ACTIVITIES 


EMERGENCY 

PREPAREDNE88 


MANAGEMENT  OF  ENVIRONMENTALLY 
8EN8ITIVE  OPERATIONS 


READINE88  FOR  FLOODS. 
BLIZZARDS  ETC. 


NASA  H JMS79 
•/%/*  1 


THE  ROLE  OF  GOES 


VISSR  IMAGES 
DAY:  VISIBLE  AND  IRjfe 
NIGHT:  IR 


WEFAX 


COMMUNICATIONS 


TEMPERATURE 
AND  MOISTURE 
SOUNDING 


RELAY  DATA  FROM 
REMOTE  AREAS 


TRANSMIT 
FACSIMILE 
INFORMAT  JN 


COLLECT,  ASSIMILATE, 
ANALYZE,  Af*D  PREDICT 


GOES 


[•] 


LOW  EARTH  POLAR  OR  BITERS  PROVII 
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ADVANCED  T1ROS-N 


NOAA  SATELLITES  INSTRUMENT  PLAN 


LAUNCH 

AVHRR 

HIRS-2 

MSU 

ssu 

DCS 

SBU  V 

ERBE 

SEM 

SAR 

DATE 

TIROS-N 

10/78 
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• 
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NOAA-A 
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☆ SPACE.  WT,  POWER  UNASSIGNED 

* POSSIBLE  DOE  NUCLEAR  TESTING  DEVELOPMENT  DETECTOR  IN  PLACE  OF  SEM  ON  NOAA-F 


NASA  HQEB31-1870 
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Earth  and  Planetary  Exploration 


Strategy 

• Establish  and  Maintain  a Strong  Research  Program  in  Both  Fundamental  and  Applied 
Science 

— Maintain  a Strong  Research  Base  at  Scientific  Institutions 

— Optimize  Data  Return  from  Operating  Spacecraft 

— Conduct  a Program  of  Earth  and  Planetary  Flight  Missions 

— Establish  and  Maintain  a Payload  Program  which  Capitalizes  on  the  Benefits  and 
Opportunities  Afforded  by  the  Space  Transportation  System 

— Establish  Collaborative  Programs  with  U.S.  Government  Agencies  and  International 
Research  Groups 

• Maintain  U.S.  Leadership  in  Remote  Sending  R&D,  Planetary  Exploration, 
and  Space  Application  to  Geology  and  Geodynamics 

— Operate  within  Framework  of  U.S.  Space  Policy  and  Science  Goals  Derived 
by  the  National  Academy  of  Science 

• Establish  and  Maintain  Synergism  in  Science/Technology  Development 
Programs  between  Planetary  and  Earth  Exploration 

• Promote  International,  Interagency,  State  and  Local  Government,  University, 
and  Industry  Involvement  in  Earth  Resources  Applications  Programs 
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Earth  as  a Planet 


Strategy 

• Develop  Fundamental  Understanding  of  Remote  Sensing  Measurements  and 
Information  Extraction  Methodologies 

• Focus  Research  and  Development 

- Agriculture  Remote  Sensing 

- Natural  Resources 
Solid  Earth  Geophysics 

• Conduct  Research/Development/Evaluation  Programs  in  Cooperation  with 
Other  Research  and  User  Organizations 

• Emphasize  Research  and  Development  on  Advanced: 

- Sensing  Technology  - Multilinear  Arrays 

- Surveying  and  Positioning  Technology  - Lasers,  VLBI,  GPS  Applications 
- Information  Extraction  Techniques  for  Radar 
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ivwiniNo 


REGIONAL  STUDIES 


HYDROLOGY 


AGRICULTURE  PRACTICES 


REGIONAL  STUDIES 


LANDSAT  DATA 
UTILIZATION 


ICc/SNOW/WATER 


URBAN  & REGIONAL  PLANNING 


GEOLOGY 
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THE  EARTH 


I I EXPLORATION 

1 I INTENSIVE  STUDY 

1 1 APPLICATIONS  . 


GRAVSAIAMai.j  a 


f MPloniNB 


MAGNMlC  HID 
MON.TCRING  MISSION 


SPACI  SfATlON 


SHUTTLE 


IMAGING 
SPECTROMETER  A 
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Venus  Radar  Mapping  Mission 


Mission  Science  and  Implementation  Approach  Endorsed  By: 

— Solar  System  Exploration  Committee  ^ 

— SSB/Committee  on  Planetary  and  Lunar  Exploration 

VOIR  Imaging  Science  Investigations  to  Be  Used  for  Venus 
Mapper  Science  Team 

Mission  Definition  Study  in  Progress 

— Maximum  Utilization  of  Available  Voyager  and  Galileo  Hardware 

I 

Planned  Procurement  Approach 

— Rescope  VOIR  Radar  (Hughes)  and  Spacecraft  (MMC)  Proposals 

Candidate  FY  1984  New  Initiative 

— April  1988  Launch:  2-Stage  IUS 


Solar  System  Observer  Missions 


Objective 

• Provide  for  Low  Cost,  Frequent  Earth  and  Planetary  Flight  Opportunities 

General  Characteristics 

• Missions  of  Opportunity 

• Limited  Scope 

• Frequent  Launches 

• High  Inheritance  and/or  Derivative  Missions 

• < $100M 

i 

• International  Cooperation 

Examples 

• Solar  Interplanetary  Satellite 

• Lunar  Relay  Satellite  (Part  of  ESA  POLO) 

• Outer  Planet  Probe  (U.S./CNES) 
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SOLAR  SYSTEM  EXPLORATION  COMMITTEE 
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EARTH  AMD  PLANETARY  EXPLORATION 
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EARTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


OBSERVATIONS  OF  EARTH  ' 

o EARTH  SCIENCES  RESEARCH 
LAND  RESOURCES 
GEOPHYSICAL  INVESTIGATIONS 
o DETECTION  AND  MONITORING  OF  EPISODIC  EVENTS 
CRUSTAL  HAZARDS 

FLOODING,  INFESTATIONS,  CROP  DISEASES 
o OPERATIONAL  LAND  SYSTEMS 
GLOBAL  COVERAGE 
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ORIGINAL  PACK 


EAKTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OP  SPACE  STATION 
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EARTH  SCIENCES  RESEARCH  (LAND  RESOURCES) 


PURPOSE: 


TO  ACQUIRE  SPECTRUM  WIDE  MULTIBAND  DATA  OF  GLOBAL  LAND  AREAS  FOR  EARTH  RFSOUPf'FS 
RSSEAHCH  IN  BIOMASS,  HYDROLOGY,  LAND  USD , AND  GEOSCIENCES  RR^OUm.Eb 


o TYPICAL  INSTRUMENTS 


HIGH  RESOLUTION,  MULTIBAND  PROGRAMMABLE  IMAGING  SPECTROMETER 
MULTIFREQUENCY  SAR  LlbK 

HIGH  RESOLUTION  MICROWAVE  IMAGERS  (20-30M  ANTENNAS) 

ACTIVE  AND  PASSIVE  FLUORESCENCE  SPECTROMETERS 

DIGITAL  TOPOGRAPHIC  MAPPER 

LONG  WAVELENGTH  SUBSURFACE  SOUNDERS 
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o REQUIREMENTS  ON  CARRIERS 
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HIGH  INCLINATION  ORBIT 

““  ADJUSTABLE  GROUND  TRACK  REPEAT  CYCLE 
PRECISION  POINTING 
STABLE  INSTRUMENT  BASE 

CAPABILITY  TO  SELECT  AND  COMMAND  INSTRUMENTS 
REAL-TIME  DATA  PROCESSING  AND  DISPLAY 
DATA  RATE  (MBPS  ->  GBPS) 

POWER  — 10  KW  i 

CONTAMINATION  FREE  ENVIRONMENT  (PARTICULATE,  GASEOUS 
CAPABILITY  TO  MAINTAIN  AND  CHANGE-OUT  INSTRUMENTS 
ACCURATE  EPHEMERIS  DATA  (REAL-TIME) 


SCATTERED  LIGHT,  RFI ) 


EARTH  AND  PLANTEARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


EARTH  SCIENCES  RESEARCH  (GEOPHYSICAL  INVESTIGATIONS) 


o 


o 


o 


PURPOSE: 

TO  MAP  TIME-VARIANT  CHANGES  IN  THE  EARTH'S 
ANOMALIES. 

TYPICAL  INSTRUMENTS: 

VECTOR  AND  SCALAR  MAGNETOMETERS 
MAGNETIC  FIELD  GRADIOMETER 
REQUIREMENTS  ON  CARRIER: 

NEAR  POLAR  COVERAGE 
EXTENDABLE  BOOM  ( 100  METERS) 

GLOBAL  SURVEYS  AT  SIX-MONTH  INTERVALS 
ACCURATE  EPHEMERIS  (+  10  METERS) 

TETHERED  SUBSATELLITE  (FOR  ANOMALY  STUDIES) 


MAGNETIC  FIELD  AND  TO  MAP  CRUSTAL  MAGNETIC 
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EARTH  AND  PLANETARY  KXPLORAT EON 


POTENTIAL  USES  UP  SPACE  STATION 

DETECTION  AND  MONITORING  OF  EPISODIC  EVENTS 
o PURPOSE: 

MONITORING  OF  AREAS  WITH  HIGH  SUSCEPTABILITY  TO  CRUSTAL  HAZARDS  (EARTHQUAKES,  VOLCANIC 
ERUPTIONS,  LANDSLIDES),  FLOODING,  INFESTATION,  ETC. 

o TYPICAL  INSTRUMENTS: 

CRUSTAL  HAZARDS 

— SPACEBORNE  PULSE  LASER 

— GROUND-BASED  CORNER  CUBE  RETROREFLECTORS 
FLOODING,  INFESTATIONS,  CROP  DISEASES 

— MULTIBAND  PROGRAMMABLE  IMAGING  SPECTROMETER  (VIS  — TIR) 

— MULTIFREQUENCY  SAR 
— MULTIBAND  THERMAL  IR  IMAGER 

o REQUIREMENTS  ON  CARRIER: 

+ 60°  LATITUDE  COVERAGE 

2-5  DAYS  REPEAT  CYCLE 

POINTABLE  INSTRUMENT  PLATFORMS 

REAL-TIME  DATA  PROCESSING  (INCLUDING  MERGING  OF  DATA  SETS) 

INTERACTIVE  REAL-TIME  DATA  DISPLAY 
CAPABILITY  TO  SELECT  AND  CONTROL  INSTRUMENTS 
ON-ORBIT  MAINTENANCE 

DIRECT  TWO-WAY  COMMUNICATIONS  WITH  GROUND  TEAMS 
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DATA  RATE  — SEVERAL  HUNDRED  MBPS 


EARTH  AND  PLANETARY  EXPLORATION 
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POTENTIAL  USES  OF  SPACE  STATION 


OPERATIONAL  LAND  SYSTEMS 

o PURPOSE:  TO  ACQUIRE  MULT I SPECTRAL  COVERAGE  OF  GLOBAL  LAND  AREAS  FOR  OPERATIONAL  EARTH 

RESOURCES  EXPLORATION  AND  MONITORING 

o TYPICAL  INSTRUMENTS 

PUSHBROOM  IMAGER  (VIS  I'BLE/N  IR/SWIR) 

DUAL  FREQUENCY  SAR 
MICROWAVE  RADIOMETERS 
MULTIBAND  THERMAL  IR  IMAGER 

o REQUIREMENTS  ON  CARRIER 

NEAR-POLAR  SUN  SYNCHRONOUS  ORBIT,  A.M.  EQUATORIAL  CROSSING 
500-1,000  KM  ALTITUDE 
7-10  DAY  GROUND  TRACK  REPEAT  CYCLE 
NEAR  CONTINUOUS  NADIR  VIEWING 
STABLE  PLATFORMS 

MOUNTING  FOR  LARGE  ANTENNAS  (PARABOLIC  AND  SAR) 

DATA  RATE  > J00  MBPS  (COMPRESSED) 

POWER  — 10  KW  (PEAK) 

CONTAMINATION- FREE  ENVIRONMENT 
COMMAND/CONTROL  UPLINK  (TASKING) 

ACCURATE  EPMEMKRIS  DATA  (IN  REAL-TIME  DATA  STREAM) 

ON-ORBIT  MAINTENANCE  AND  REPAIR 
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EARTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


OBSERVATIONS  OF  PLANETARY  SYSTEMS 

O SOLAR  SYSTEM  OBSERVATIONS 

LONG-TERM  COMPREHENSIVE  STUDIES 
TRACKING  OF  MOVING  TARGETS 

o SEARCH  FOR  EXTRASOLAR  PLANETS 

"SPACE  TELESCOPE"  SIZE  OBSERVING  SYSTEM 

ACCURATE  POINTING  AND  STABLE  BASE  FOR  NEAR  CONTINUOUS  OBSERVATIONS 


SOLAR  SYSTEM  OBSERVATION 
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EARTH  AND  Pf  ’TARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


o PURPOSE: 

PLANETARY^ATMOSPHERES^ANDRMAGNETOSPHERES^OBSERVAT?nN^^^,^^^,  STRUCTURE,  AND  DYNAMICS  OF 

SURFACES  A”°  "TARGES  Sfo^OR?UN?TV»r?ES6OF  AN°  ASTEROIDS ; OBSERVATIONS 

NETS  AND  COLLECTION  OF  EXTRATERRESTRIAL  MATERIALS 'Td6sT?  SO^R  ^NDfTToS^cTysTIGHT 

O TYPICAL  INSTRUMENTS 

LARGE  DIAMETER  TELESCOPE  (*,  3-5M) 

UV,  EUV,  AND  IR  SPECTROGRAPHS 
IMAGING  SPECTROMETER  (UV  -*  IR) 

LARGE  IR-SUBMILLIMETER  TELESCOPE 
WIDE  FIELD  TELESCOPE  (1M) 

IN  SITU  COLLECTORS 


REQUIREMENTS  ON  CARRIER 
POINTING 

ACCURACY  0.01  SEC  i 

STABILITY  0.005  £ec 

CAPABILITY  FOR  OFF-SET  POINTING 

CAPABILITY  TO  TRACK  MOVING  TARGETS 

CHANGE-OUT  OF  FOCAL  PLANE  INSTRUMENTS 

replenishment  of  cryogens  and  in  SITU  COLLECTORS 

CONTAMINATION-FREE  ENVIRONMENT  (PARTICULATE,  GASEOUS,  SCATTERED  LIGHT, 
- RETURN  OF  MATERIALS  COLLECTORS  TO  EARTH 
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EARTH  AND  PLANETARY  EXPLORATION 


POTENTIAL  USES  OF  SPACE  STATION 

SEARCH  FOR  EXTRASOLAR  PLANETS  (PLANETARY  DETECTION  SYSTEM) 

o PURPOSE:  TO  CONDUCT  A SYSTEMATIC  SEARCH  FOR  OTHER  PLANETARY  SYSTEMS 

o INSTRUMENTS: 

3M  DIAMETER  TELESCOPE,  APPROXIMATELY  10M  IN  LENGTH 

o REQUIREMENTS  (IMAGING  SYSTEM) 

POINTING  ^ 

ACCURACY  0.01  SE£ 

STABILITY  0.007  SEC 

INTEGRATION  TIME  UP  TO  15  HOURS  (OVER  MANY  ORBITS) 

MASS  10,000  KG 
POWER  1 KW  (AVG) 

PRECISE  TEMPERATURE  CONTROL 

UPLINK  COMMAND  CAPABILITY  1 KBPS  1 

DATA  RATE  200  KBPS 


CONTAMINATION-FREE  ENVIRONMENT 


OF  POOR  Q’JAUTV 


EARTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OP  SPACE  STATION 
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ON-BOARD  LABORATORY 


° PURPOSE: 


TO  SIMULATE  EARLY  PLANETARY  CONDITIONS 
EFFECTS  OF  LOW  GRAVITY  AND/OR  PRESSURE 


IN  ORDER  TO  ACQUIRE  EXPERIMENTAL 
ON  PLANETARY  PHYSICAL  PROCESSES 


INFORMATION  ON  THE 


EXPERIMENTAL  INVESTIGATIONS: 

LOW  GRAVITY  SEDIMENT  TRANSPORT 
CRATERING  PHENOMENA  AT  LOW-G 
ACCRETIONAL  PHENOMENA 

CONDENSATION  AND  AGGLOMERATION  OF  DUST  PARTTCr  pq  at* 

EROSIONAL  MECHANISMS  AT  LOW-G  (WIND,  LIqSi£)ICLES  AT  HIGH  TEMPERATURES  (SILICATES) 


° REQUIREMENTS : 


LABORATORY  ENVIRONMENT 
TRAINED  PLANETOLOGISTS 
EQUIPPED  LABORATORY 
— CENTRIFUGE 


(SHIRT-SLEEVE) 


— HIGH  TEMPERATURE  FURNACE  * 

— LOW  SPEED  WIND  TUNNEL 

— CLOUD  CHAMBER 

— LEVITATION  system 

— PROJECTILE  ACCELERATOR 

— ON-BOARD  COMPUTATIONAL  SYSTEM 

— HIGH  SPEED  CAMERAS 
ACCRETION/CONDENSATION  FACILITY 

DOWNLINK  HIGH  RESOLUTION  TV 
TWC  WAY  V 'ICE  COMMUNICATIONS 
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EARTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


STAGING  OF  HIGH  ENERGY  MISSIONS 

o PURPOSE:  TO  LAUNCH  GEOSYNCHRONOUS  AND  PLANETARY  MISSIONS  FROM  A SPACE  STATION  IN  LOW  EARTH 

ORBIT 

o FUNCTIONS  TO  BE  PERFORMED  ON  SPACE  STATION 
STORAGE 
ASSEMBLY 
SERVICING 
CHECKOUT 
DEPLOYMENT 
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RECOVERY 
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EARTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OP  SPACE  STATION 


STAGING  OF  HIGH  ENERGY  MISSIONS 


o STORAGE 

PROPELLANT 

PROPULSION  STAGES  (BERTHING  PORT) 
SPACECRAFT  PAYLOADS  (BERTHING  PORT) 


o ASSEMBLY 

SPACECRAFT  SYSTEMS  - MULTIELEMENT 
MATING  SPACECRAFT  WITH  PROPULSION  STAGES 


O SERVICING 

PROPELLANT  LOAD  OF  STAGES 
STAGE  SUBSYSTEM  REPAIR/REPLACEMENT 
SPACECRAFT  SUBSYSTEM  REPAIR/RBPLACEMENT 
RTG  MAINTENANCE  SUPPORT  (COOLING,  SHIELDING) 
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EAltTH  AND  PLANETARY  EXPLORATION 
POTENTIAL  USES  OF  SPACE  STATION 


STAGING  OF  HIGH  ENERGY  MISSIONS  (CON'T) 


o 


TEST  AND  CHECKOUT  (PRE-LAUNCH) 


STAGES  (PROPELLANT , 
SPACECRAFT  (SCIENCE 
LAUNCH  CONFIGURATION 


TANKS,  LINES,  ENGINE 
PAYLOADS,  SUPPORTING 


, CONTROL) 
SUBSYSTEMS) 


DEPLOYMENT  (LAUNCH) 

STATION  ORBIT  DETERMINATION  UPDATE 
LAUNCH  ON-TIME  CAPABILITY  (+,  2 DAYS) 

VEHICLE/STATION  SEPARATION  (CONTROL  AND  MON££OH) 
MONITOR  STAGE  BURN  AT  DISTANCE  (VISUAL  AND  TELEMETRY) 
INTERFACE  WITH  GROUND  COMMAND/TRACKING 

RECOVERY 

REUSABLE  PROPULSION  STAGES 

PAYLOAD  (SAMPLE)  RETURN,  QUARANTINE  AND  TESTING 
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EARTH  ANO  PLANETARY  EXPLORATION 
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POTENTIAL  USES  OF  SPACE  STATION 


SUMMARY 

o MOST  SIGNIFICANT  DETERIMANT  OF  UTILITY  OF  SPACE  STATION  TO  LAND  REMOTE  SENSING  IS  SELECTION 
OF  ORBITAL  PARAMETERS 

NEAR  POLAR/HIGH  INCLINATIONS  REQUIRED  FOR  EARTH  SCIENCES  RESEARCH  COMPLEMENT 
FREQUENT  GROUND  TRACK  REPEAT  CYCLES 

NEAR  POLAR  SUN  SYNCHRONOUS  ORBIT  REQUIRED  FOR  OPERATIONAL  TYPE  SYSTEMS 


0 MAN  TENDING  OF  PAYLOADS  BENEFICIAL 

o PLATFORM  FOR  LONG-TERM  COMPREHENSIVE  OBSERVATIONS  OF  PLANETARY  SYSTEMS 
LOW  INCLINATION  ORBITS  ADEQUATE 

o POTENTIAL  ADVANTAGES  FOR  STAGING  OF  HIGH  ENERGY  MISSIONS 

i 

o ON-ORBIT  MANNEO  LABORATORY 
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GOAL 


MATERIALS 
PROCESSING 
IN  SPACE 
(MPS) 


PROVIDE  RESEARCH  BASE  AND 
ESTABLISH  STS  FACILITY  USAGE 

• TO  ACHIEVE  IMPROVED  PROCESSING 
METHODS  AND  MATERIALS  OF 
TECHNOLOGICAL  INTEREST 

• TO  ASSIST  EARLY  COMMERCIALIZATION 
OF  SPACE  PROCESSING 
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CURRENT  AREAS  OF  ACTIVITY 

• CRYSTAL  GROWTH 

• SOLIDIFICATION 

• FLUID  AND  CHEMICAL  PROCESSES 

• CONTAINERLESS  PROCESSING 

• BIOLOGICAL  MATERIALS  SEPARATION 
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MP3  APPLIED  RESEARCH  AND 
DATA  ANALYSIS 

AREA  THRUST 


(1 ) CONTAINERLESS  TECH. 


DEVELOPMENT  OF  UNIQUE  STATE  OF  ART 
PROCESSING  TECHNOLOGY,  ACOUSTIC, 
ELECTROSTATIC,  ELECTROMAGNETIC,  JET. 
WE  ARE  LEADERS  IN  THIS  FIELD. 


(2)  CONTAINERLESS  SCIENCE 


(3)  CRYSTAL  GROWTH 

(4)  SOLIDIFICATION  PROCESS 


HIGH  PURITY  GLASSES 

NEW  OXIDE  GLASSES 

HIGH  TE.ViPEP.ATURE  PROCESSING 

HIGH  TEMPERATURE  THERMOPHYS.  MEAS. 

CORROSIVE  REACTIONS 

BASIC  NUCLEATION  STUDIES 

FUSION  TARGET  TECHNOLOGY 

GROWTH  FROM  VAPOR 
GROWTH  FROM  SOLUTION 
GROWTH  FROM  MELT 

UNDERSTANDS  CASTING 
REDUCING  CONVECTIVE  EFFECTS 

i.v;:,:isci3le  materials 
COOPERATIVE  GROWTH 


(5)  SPACE  MATERIALS  SYSTEM  development  of  requirements  and  techniques 

FOR  EXTRA  TLfiRESTRIAL  MATERIALS  rrtOC. 


original  r*  r’ 
of  poor  qlu:-i4Y 


AREA 

(6)  BIOLOGICAL  PROCESSING 

(7)  FLUID  BEHAVIOR 

(8)  PROGRAM  SUPPORT 

(9)  COMMERCIAL  MPS 

(10)  COMBUSTION 

(11)  CLOUD  PHYSICS 
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THRUST 

SEPARATION  TECHNIQUES 
SEPARATION  OF  VIABLE  CELLS 
SEPARATION  OF  PROTEIN 

FLUID  DYNAMICS  OF  SPACE  PROCESSING  CRITICAL 
POINT  PHENOMENA 

SCIENCE  & DISCIPLINE  WORKING  GROUPS,  OUTSIDE 
PEER  REVIEW  SUPPORT 

IDENTIFY  COMPANIES  AND  ARRANGEMENTS  FOR 
COMMER. 

INFLUENCE  OF  CONVECTION  ON  COMBUSTION 


INFLUENCE  OF  CONVECTION  ON  CLOUD  FORMATION 


LOG  SECONDS  IN  WEIGHTLESSNESS 
(ALSO  SPECIMEN  REQUIREMENTS) 


ISIt-N 


MATERIALS  PROCESSING  IN  SPACE 

LOW  GRAVITY  DURATION 
CAPABILITIES  VS  REQUIREMENTS 


MEC  FREE  RJER 
•MONTH 


WEEK 

SPACELAB 


2SKWPM 


A 


LARGE  CRYSTALS 
BIOLOGICAL  SEPARATIONS 


SHUTTLE 


SMALL  CRYSTALS 
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HOUR 


METAL ‘CASTING 
POLYMERIZATION 


SPAR  900  SEC 


ROCKET 


MICROGRAVITY 

SPECIMEN 

REQUIREMENTS 


Pi  04  40  SEC 
KC  135*20  SEC 


AIRPLANE 


DROPLET 

/ 


•DROP  TUBE  -2  SEC 


SKYLAB  EXPERIMENTS 


« 


M552  EXOMHUC  BRAZING 
Mr.  J.  R.  Williams  (MSFC) 

M551  PETALS  MELTING 
It*.  E.  C.  McKannan  (MSFC) 

M553  SPHERE  FORMING 

Dr.  D.  J.  Larson  (Grunman  Aerospace) 

M479  ZERO  GRAVITY  flammability 
Mr.  J.  H.  Kimzey  (Johiison  Space  Flight  Center) 

M518  MULTIPURPOSE  FURNACE 

♦ Mr.  W.  R.  Adams  (MSFC) 

M557  BfCSCIBIE  ALLOY  COMPOSITIONS 
Mr.  J.  L.  Reger  (TRW) 

M565  SILVER  GRIDS  MELTED  IN  SPACE 

Prof.  E.  Aernoudt  (Catholic  U.,  Leuven,  Belgium) 


M562  INDIUM  ANTIMONIDE  CRYSTALS 

Prof.  A.  F.  Witt  (Massachusetts  Institute  of 
Technology) 

M563  MIXED  III-V  CRYSTAL  GRCWIH 

Prof.  W.  R.  Wilcox  (University  of  Southern 

California) 

M559  MICROSEGREGATION  IN  GETvANIUM 

Dr.  J.  T.  Yue  (Texas  Instruments,  Inc.) 

M558  RADIOACTIVE  TRACER  DIFFUSION 
Dr.  A.  0.  Ukanwa  (Howard  U: diversity) 

K5 66  COPPER-ALUMINUM  EUTECTIC 
hr.  E.  A.  Hasemeyer  (MSFC) 

M56H  METAL  AND  MAUDE  EUTECTICS 

Dr.  A.  S.  Yue  (University  of  California, 

Los  Angeles) 


M56l  WHISKER  REINFORCED  COMPOSITES 

Dr.  S.  Takahashl  (National  Research  Institute 
for  Metals,  Tokyo,  Japan) 

M556  VAPOR  GROWTH  OF  IV-VI  COMPOUNDS 

Prof.  H.  Wiedemeier  (Rensselaer  Polytechnic 
Institute) 

M56O  GROWTH  OF  SPHERICAL  CRYSTALS 
Dr.  H.  U.  Walter  (University  of  Alabama 
in  Huntsville) 
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SKYLAB  SCIENCE  DEMO!  JSTRATIOh'S 


(NO  NUMBER) 

DIFFUSION  IN  LIQUIDS 

(NO  NUMBER) 

ICE  MELTING 

TV101 

LIQUID  FLOATING  ZOIE 

TV102 

IM'iISCIBIE  LIQUIDS 

TVX03 

LIQUID  FILMS 

TVX05 

ROChEILE  SALT  GROWTH 

TV106 

DEPGSITICM  OF  SILVER  CRYSTALS 

TV107 

FLUID  MECHANICS 

TV117 

CHARGED  PARTICLE  MOBILITY 
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ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


ASTP  EXPERIMENTS 


ELECTROPHORESIS  TECHNOLOGY  (MA-Oll) 


{?•  E.  ALLEN,  G.  H.  BARLOW,  M.  BIER,  P.  E.  BIGAZZI,  R.  J.  KNOX, 
F.  J.  MICALE,  G.  V.  F.  SEAMAN,  J.  W.  VANDERHOFF,  C.  J.  VAN  OSS, 

»'  *1'  u*S«.  .S0N'  F*  E*  SC0TT'  P*  H*  RHODES,  B.  H.  NERREN,  AND 
Ki  • HAKWcLL 


SURFACE-TENSION-INDUCED  CONVECTION  (MA-0A1) 

R.  E.  REED,  W.  UELHOFF,  AND  H.  L.  ADAIR 

MONOTECTIC  AND  SYNTECTIC  ALLOYS  (HA-044) 

L.  L.  LACY  AND  C.  Y.  ANG 

INTERFACE  MARKING  IN  CRYSTALS  (MA-060) 

H.  C.  GATOS,  A.  F.  WITT,  M.  LICHTENSTEIGER,  AND  C.  J.  HERMAN 

ZERO-G  PROCESSING  OF  MAGNETS  (MA-070) 

D.  J.  LARSON,  JR. 

CRYSTAL  GROWTH  FROM  THE  VAPOR  PHASE  (HA-085) 

H.  WIEDEMEIER,  H.  SADEEK,  F.  C.  KLASSIG,  M.  NOREK,  AND  R.  SANTANDREA 

HALIDE  EUTECTIC  GROWTH  (MA-131) 


A.  S.  YUE,  C.  W.  YEH,  AND  B.  K.  YUE 
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PRODUCT  FLOW 
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THEORTICAL  STU0I6S/LAB.  MODELS 7 PRODUCT  STUDIES 
EQUIP  TECHNOLOGY1  7/  / / / 

COMM.  FEAStBI LITY  STUDIES 


PROOF  OF  CONCEPTS 


PRE- 

COMMER!  LIZATION 


STATIC  COLUMN 
.ELECTROPHORESIS 

W ' 

STATIC  COLUMN  _ 
ELECTROHPORESIS 


CAMERA 


'iWiWiwiwiWlWii 


PILOT  PLANT 


COMMER I LIZATION 


INDUSTRIALIZATION 
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ORIGINAL 
OF  POOS 


Electronics  international 


(Vlagnetic  vie^d 
breeds  SkyLab-Sike 
semiconductors 


SIUCON 

CRYSTAL 


SILICA 
CRUCIBLE 

U HEATER 


OXYGEN 


SILICON 

MELT 


THERMAL 

CONVECTION 


MAGNETIC  FIELO 


by  Charles  Cohen.  Tokyo  bureau  manager 


By  eliminating  convection 
Currents  in  silicon  melt 
Sony  enhances  crystal 
uniformity,  chip  yields 


r N 


MATERIALS  PROCESSING  IM  SPACE  EXPERIMENTS 


o MAJOR  AREA  CF  CONCERN  IN  THE  MATERIALS  PROCESSING  IK  SPACE  PROGRAM  IS  THE 
LONG  TIME  RZC’JIKEB  TO  DO  EXPERIMENTS 

- AVERAGE  LENGTH  CF  TIME  A MATERIALS  SCIENTIST  SPENDS  ON 
A PCOSlEM  IS  .WOT  TMREE  YEARS 


o USE  OF  A FE.;. .RENT,  MAN  If'  THE  LOOP,  LABORATORY  (E.G.,  SALYUT)  TO 
FiiEFU.'FI  MATER InLS  PROCESSING  IN  SPACE  EXPERIMENTS  IN  A STANDARD 

LABORATORY  FASHION 
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SPACE  STATION  REQUIREMENTS 


o NAN  IN  LOOP 

- OBSERVATION 

- CHARACTERIZATION  OF  RESULTS  (QUICK  LOOK) 

- REPAIR 

o EASE  AND  FREQUENCY  OF  ACCESS 

- PROVIDE  AND  RETURN  SAMPLES 

- EST.  1 MONTH  REVISIT 

o HIGHER  POWER/COOLING  REQUIRED 

- EST.  10-25  KVA 

- NOT  RESTRICTED  TO  SMALL  SAMPLES 

o LONGER,  NON- INTERRUPTED  RUN  TIME  REQUIRED 

- EST.  30  DAYS  FOR  SOLUTION  CRYSTAL  GROWTH  (TTF-TCNQ) 

- EST.  20-30  DAYS  FOR  INFRARED  DETECTOR  (BRIDGEMAN  GROWTH  OF  HgCdTe) 

o COMMERCIAL  PROBABLY  AUTOMATED 

- MAN  REQUIRED  PROBABLY  ONLY  FOR  INITIAL  CHECKOUT  AND  SERVICING 

- EVOLUTION  FROM  MANNED  STATION 
o G-LEVELS 

- < 10‘3  G 

- G JITTER  LEVELS  - TBD 

- PROBABLY  REQUIRE  JITTER  FREE,  LOW  LEVELS  FOR  COMMERCIAL  VENTURES 
o DATA  TRANSMISSIONS 

- VIDEO 
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ISOTHERMAL  PROCESS 


MPS  PROC^SH^*-* 

i:  G R M. ) 1 ' 


INSULATION 

\! 


SAMPLE 


PROCfSS 

[/CHAMUCH 


• MODERATE  POWER 

• MODERATE  TO  LONG  DURATIONS 

• MOOERATE  TO  HIGH  ENERGY 

• MODERATE  SAMPLE 


POWER 


PGv*L  H 


| ■»  'Vi  t 
L 


* ft  -■ 

• LUNG 


FLOAT  ZONE  PROCESSES 


DIFFUSION  s'.': 


GRADIENT 

• HIGH  POWER 
•LONG  DURATION 

• HIGH  ENERGY 

• SMALL  SAMPLES 


HOT 


• LUtV  Htj>.  ; r 

• J i-.l'i 

• lu.v  I M 

• Mo;>!  il  A T L :.Af 


' T ^‘NlRLESS  PROCESSE S 
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POWER 


POWER 


ORIGINAL  PAC- 
OF  POOR  QUMl 


FOREIGN 

r'-ATGP.TALS  pROCEoaiN*:  PP.oJP.AMS 

COUNTRY /MISSION 

DESCRIPTION 

LEVEL  OF  EFFORT 

Cermany/D-.i 

DC  d i C •<  t «'■  J Sp  a Ci:  lob 

million  with  prinary 

en.  J .. r cn  'o«;  gravity 

o r ; . 1 growth,  Me  t a 1 1 u t g y . 

L ) i*  , a/.d  ccafTieai  prices « 

1S.36M  overall 
program? 

ing 

Gcrmany/SSCP 

24  Snail  St  It -Contained 
t-a  v loads 

varies 

Gernany/TEXUS 

Cr-or-c-rr. t ; ve  sounding 
iS.Lut  prog ran  with 
Set.  Jen  tor  xow-g  ex  per. 

Phased*  i -i  ESA  • 
na  r»  a g orient  ot 
national  prog  ran 
by  1 w>3 

Gc  r r.a  n y/S  PAS  -Cl 

Ccr:  raiel  x « t ..  r i a Is 

r*  r.  i t jc  i 1 i t / to 

ti/  *.n  G7G  renvur  j.jbly 

SSA/GrounJ  Research 
Activities 

i;;  s';:  eh  in  liiuid;,  cben. 

« . • , aiioy  ar. J composite 

; or.  i !.  i ■ . : . .» r»d  c 1 ee  l ? on : ~ 
r -j  w - r . «. 

• 

LSA  Space  lab  I 

. . :.t:i  include 

v :v.  .>v;th, 

o l . j* . . v >. r i i i u « J 

dynif.ic-  on  the  lie  id 
Physic..  Module,  and 
chemical  processing. 

jo  exr»e r j men  t s 
fiOir.  9 li.esi.bt  i 
S t u t v S 

STATUS 

Sept.  19i*  3^5 
iduncir 


STS  lounchea  cn 
space  available 
bus  i s 


1- ? rockets 
laurchcs  per  yeas 


ISA  signed  6/EI 
l b.  198  * Sn'. 
Launch 


Status 


Country /Mission. 

PSA/Mi crog ravi  ty 
Research 


I'r  ance/U  - S . 
Cooperation 


j .ip:in/Sub-orbi  t j5 
launch  te~.  ts 

J .ipjn/Fi  tst 
‘•la tot  icl 

;-.occ  seine  test 

■>SSf</Salyat  6 
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materials 

using  crystar.  alloy 
ar.d  evaporator  L u r r.  a c o 


Unknown 


Recent! y 

eoraoiished  F-ig^ 


Dot  in  it  Ion  stuiy 
for  potential  STS 
: x i n ri  t 

LSA  currently 

being  negoti-t^d 


Last  two  1 aCi.C.*CS 
have  failed, 
producing  no  dit« 

Approx.  1986 
1 a uric  h. 


Not  currently 
conduct ; r«9 
materials 
processing  e/esfr 
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SPACE  STATION  BI  DLI PGhAPHlES 


1.  Repository  Index  of  Space  Station  Reports,  File  003, 
Documentation  Repository,  Marshall  Space  Flight  Center,  July  1982 


This  index  is  an  inventory  of  about  600  reports, 
procedures,  manuals  and  other  documents  which  are 
applicable  to  the  Space  Station  program.  The  me 
dates  are  1963  to  the  present. 


The  inclusive 


2.  Repository  Index  of  25  kW  Power  System  Reports,  File 
020,  Documentation  Repository,  Marshall  Space  Flight  Center,  July 

1982. 


This  index  is  an  inventory  of  about  50  reports, 
procedures,  manuals,  and  other  documents  related  to  the 


Space  Platform  program.  Most  of  the  reports  are  unaer 

— “ • * _ _ i « it  . -•  ■ _ L.  _ *-  W .-i  »*  r\  v m f T* 


the  title  "25  kK  Module"  which  is  the  program  from 
which  the  Space  Platform  concept  evolved. 


I-B 


MANNED  SPACE  STATION  STUDIES 

1.  Space  Station,  Executive  Summary,  McDonnell  Douglas 
stronautics  Company,  Report  No.  KDC  G0639,  Contract  No. 
NAS8-2514 0,  August  1970. 


This  study  was  a Phase  B definition  of  the  Space_ 
Station  as  a long-lasting,  general-purpose^ facility  in 
Larth  orbit.  The  initial  guidelines  stipulated  a crew 
size  of  12,  use  of  the  first  and  second  stages 
Saturn  V for  launch  and  a 1977 
also  included  partial  Phase  A 
Initial  Logistics  System,  the 
Logistics  System,  a Space  Base 
a Planetary  Mission  Module. 


of 

launch  date.  The  study 
investigations  of:  an 
operations  of  an  Advanced 
’(for  a crew  of  50),  and 


2.  Space  Station,  Executive  Summary , 
Astronautics  Company,  Report  No.  MDC  G2727, 
NAS8-25140,  April  1972, 


McDonnell  Douglas 
Contract  No. 


Phase 

a 


This  study  was  performed  under  the  Space . Station 
B Extension  Period  for  the  Phase  B definition  of 
Modular  Space  Station.  The  modular  approach, 
characterized  by  low  initial  cost  and  incremental 
manning,  utilizes  the  Space  Shuttle  for  module  delivery 
and  on-orbit  logistics  support.  Th**  Modular  Space 
Station  design  includes  a general  purpose  laboratory  to 
provide  support  equipment  and  space  for  research  work. 
The  system  has  the  capability  to  grow  -rem  a 2-man  to  a 
12-man  facility. 


i'St'  7 . ' 

J*  ■■ 

r.  • 


- 

( V!” 
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J_B  MAKKEP  space  STATION  STUDIES  (CONT. ) 

3.  KSFC  Skylab  Mission  Report  - Saturn  Workshop,  NASA  TM 
X-64814 , Marshall  Space  Flight  Center,  October  1974. 

The  document  is  a review  of  the  Skylab’ s Saturn  Workshop 
mission  performance.  It  includes  a survey  of  the  variety 
of  experiments  conducted  during  the  mission.  Also 
included  is  a comparison  of  the  station  s performance  as 
compared  with  design  parameters,  and  a discussion  of 
problem  causes  and  solutions. 


Book  1 - Executive 
Report  No.  MDC 


4 Manned  Orbital  Systems  Concepts  Study, 

Summary *,  McDonnell  Douglas  Astronautics  Company, 

G5S19#  Contract  No.  NAS8-31014,  September  -975. 

The  MOSC  study  encompassed  a 9-month  effort  which 
examined  the  retirements  for,  and  established  the 
definition  of,  a cost-effective  orbital  capable 

o*  suopor tins  extended  manned  operations  in  Earth  orbit. 

In  Task  1,  "Requirements  Derivation",  payload  and  mission 
requirements  were  examined  for  manned  orbital  systems 
with  operational  capabilities  beyond  those  of  the 
Shuttle/Space lab  program. 

5.  Space  Station  Systems  Analysis  Study,  Final 
Executive  Summary,  Grumman  A- rc.pace,  Report  ho.  NSS-SS-RP022 , 
Contract  No.  NAS6-31993,  July  1977. 

This  was  a 16-month  study  of  projected  manned  activities 
in  space  during  the  1960s  and  1990s,  capitalizing  on  the 
Space  Shuttle  and  its  capabiltiy  for  routine  space 
operations.  The  executive  summary  includes  an  overview 
of  the  entire  study  program  with  emphasis  on  the  la 
work  dealing  with  Space  Construction  Base  activity. 

fi  Skvlab,  Our  First  Space  Station,  NASA  Special  Publication 
,J0,  prepared^by  Marshall  Space  Flight  Center,  Leland  F.  Belew, 
editor,  1977. 

This  book  describes  the  Skylab  space  station  design  and 

missions.  Also  included  are  °f th=  skvlab 

ful  "rendezvous  and  repair  effort,  and  of  the  Skylab 

ground-space  partnership. 

7 Science  and  Applications  Manned  Space  Platform  - A 

Conceptual  Desian  and  Analysis  Study,  ^y1f8°9rSm  Develop" 

went,  NASA/Marshall  Space  Flight  Center,  Ocwober  1981. 
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MANNED  SPACE 


5 TUP IES  (CPNT.  ) 


This  is  a MSFC  in-hcuse  study  of 
Applications  Manned  Space  Platfc 
permanent  low  earth  orbit  mannec 
1980s.  The  study  is  based  on  t'r. 
exist i nc /planned  hardware  such  a 
the  20  kW  'or  12.3  kW ) Fewer  Sys 


a Science  and  * 

- (SAMSP)  to  provide  a 
car-anility  for  the  late 
utilization  of 
Space  lab , Shuttle  , and 
.err. . 


8.  Evolutionary  Science 
(Characterization  cf  Concepts ) 
Company,  Report  No.  MPCG9766, 

1982. 


and  Applies. 
, McDonnell 
Contract  Nc. 


This  two  - fold  study  evaluate?  an? 
eve  1 vine  a Space  Station  :r.  ccr,;ur. 
Platform,  a rormanent iy  murnoc  rr-r 
with  a maximum  coexisting  techno! 
cn  1 1 r.  for  selected  s c i e r. c e. , a p g - ~ ? 


p*y 

ope 

19  55. 


d s in  orbit  by  1 9 c 9 , plus  ;r: 
ion?.  1 missions,  on-site  arc  : 


Space  Platform 
s*  Astro  na  ut  ics 
33592,  February 


9.  Evolutions 
Exeutive  Summary,  , 
No.  MDC  H 0 0 7 2 , Ccr.tr 


ry  Space  Platform  Concern 
McDonnell  Douglas  Astro r 
act  No . NAS  £-33592,  Ms y 


r.  " , 


", ume  I - 

any,  Report 


This  stuc.%'  encompasses  a IC-mon 
evaluate  and  compare  approaches 
unmanned  and  manned  capability 
permanent  presence  in  space 
of  requirements  for  a manned  sp 
alternate  concepts,  and  perform. 


th  effort  to  define, 
sne  concerts  for  eve Ivin g 
platforms  to  establish  a 
asks  included  the  analysis 
ace  platform.,  identifying 
,inc  system  analysis. 


X - C UNMANNED  SPACE  STATION  STUDIES 

1 25  kW  Power  Module  Evolution  Study,  Lockheed  Missiles  and 

Space  Company,  Report  No.  LMSC-D6149  2U , Contract  No.  NAS8-3292S, 
August  1978.  . 

In  Part  I this  study  developed  payload  application 
summaries  and  time-phased  payload  requirements,  for  the 
time  period  1983  through  the  1990s,  based  upon  NASA 
future  planning.  In  the  Parts  II  and  III  the  study 
developed  conceptual  definitions  for  the  power  module 
required  to  support  the  payload  requirements  defined  m 

Part  I. 
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{mC  vKK*m:r.v  spacf  ftatiSS  studies  icokth 

2 25  kK  Power  Module  Evolution  Study,  ^ckhee*  *j;****®| 

C»p“y!  .K/r.  «o.  «»«««  ». 

February  1979. 

This  study  defined  evolutionary  growth  paths  toiOOkW, 
i n 1 5 » - _ k4cr,r'  ww  Pc  war  Module.  The  tasxs 

“lUUrMt  .«*«- 

merits  through  1990. 

, 25  kK  pow»r  System  Reference  Concepts,  Report  No.PM-001, 

•K.lir.in.ry  "*'•»*“ 

Flight  Center,  September  1979. 

This  in-house  MSEC  study  defined  a "typical"  25  kW  Power 

studias'orhactivities^requir ing*a^250kW  Pow*r  SyatOT 

i Ida  restrictions  of  the  competitive  studies  by 
McDonnell1 Dou 5 las  Astronautics  Corporation  and  TRW. 

, r.ostationa-y  Platform  Feasibility  Study,  Volume  I: 

Aeros'-ate  i “d  Vol. 

n"  Contract  So.  MASS-32881,  September  19/9. 

This  study  addresses  the  concept  of  large  Platf°»« 
exploit  economy  o.  scale,  in-erconnectivity  between 

diverse  earth  SUU.E2iS%b5wS|^;‘ «jw~» 

STSiSJIS  B !?“«;»  srn‘L?SS,i^S5- 

candidate  payloads  and  experiments 

Svstem  Concepts  Definition  Fo How— 
5.  Geostationary  Platform  Systcp  n (LSST 

on  Study,  Final  Report,  Volume Conva-r  Division  and  Comsat, 

»•  “s,-3!!:7'  s,p,“”1 

1980a 
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ntwaKKED  SPACE  STATION  STUDIES  <CONT._> 

This  study,  s follow*— on  to  the  initial  Geostationary 
Platform  Phase  A study,  concentrated  on  an  analysis  of 
structural  requirements  deriving  from  the  Phase  A.  The 
concepts  studied  ranged  from  packaged  platforms  less  than 
half  a Shuttle  cargo-bay  length  to  full  cargo-bay 
length. 


6 Conceptual  Design  Study  - Science  and  Applications  Space 
F’ a- form  (SASF),  Volume  I - Executive  Summary  and  Volume  II  - 
Technical  Report,  McDonnell  Douglas  Astronautics  Company,  Report 
No.  MDC  G9246,  Contract  No.  NAS8-33592  October  1980. 


This  is  a one-year  Phase  A concept  study  of  a low  earth 
orbit  platform,  attached  to  a Power  System,  designed  to 
provide  accomodut  icr.s  for  a variety  of  science  and 
applications  payloads.  The  platform,  configuration 
conceived  in  this  study  consists  of  a two  part  evolution: 
the  First  Order  Flatform.  consists  cf  minor  appendages  to 
the  Power  System,,  whereas  the  Second  Order  Platform  is 
designed  to  accommodate  more  and  larger  payloads. 


7.  Geostationary  Platform  Systems  Concepts  Definition 
Follow-c;i  Study,  Final  Report,  Volume  1 - Executive  Summary , Volume 
IB  - Technical  Tasks  8 & 9,  General  Dynamics  Convair  Division  and 
Comsat,  Report  No.  GDC-GPP-79-010 ( 1 ) , Contract  No.  NAS8-33527, 
September  1981. 


This  study,  a follow-on  to  the  1979  Phase  A Concepts 
finition  Study  for  the  Geostationary  Platform,  fur  the  r 
defined  technology  requirements,  configuration,  and 
communications  architecture  of  operational  platforms  ana 
developed  a preliminary  definition  cf  an  experimental 
platform.  Task  8 is  an  update  of  the  Operational 
Platforms  Study  and  Task  9 is  analysis  and  definition  of 
an  experimental  platform. 


8.  Space  Platform/Power  System  Executive  Summary,  Alternate 
System  Design  Concept  Study,  McDonnell  Douglas  Astronautics 
Company,  Report  No.  MDC  H0108,  Contract  No.  NAS8-33955,  July  1982. 


This  is  a summary  (with  A-109  sensitive  material  removed) 
of  the  MDAC  Space  Flatform  design  which  evolved  from  the 
25  kK  Power  Module/Power  System  Platform/Space  Platform 
Phase  B study.  The  system  includes  berthing  ports  fer 
exchange  of  science/applications  payloads  on-orbit. 


9.  Alternative  System  Design  Concept  Study  of  the  25  kW 
Power  System,  TRW,  Report  No.  34444.000-004,  Contract  No. 
NAS8-33956,  June  1982. 


Or  POOR  QUALITY 
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Marshall,  W.  K.  , ft  al . , ’7.  Focus  for  Space  Industrialization,” 
Nineteenth  Spaet  Ccj^tc:?,  April  198?. 

Taylor,  K.  H. ; Walt;:,  r.  ; and,  Keissiriger,  H.  F. , "Materials 
1*:*.:  •.  rirr.ont  Carrier,  An  Approach  to  Expanded  Space  Processing 
Capability ,”  "nitr  cC-2-*9,  lf*?0  Meeting  of  American  Astronau- 
ticr.l  f.c OctoUr  20,  1980. 
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"Matt.  Hair  Fxperir.ci.t  Carrier  - Concepts  Definition  Study,” 

Fnr*  C,  Voiunr  T - Executive  Summary,  and  Volume  II  - Technical 
Report,  ?RV.\  iuprrir  No.  KPS.  6-81-221  and  KPS.  6-81-222,  Contract 
No.  NAS8-3?tci§  recorder  1??1. 


Spacelab  Current  Status 


Two  Missions  Completed 

- oss-i 

- OSTA-1 

Increased  STS  System  Understanding 
Some  Mid- Deck  Experience 
Spacelab-1  in  Integration  Phase  at  KSC 


Projection 
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Discipline  Lab  Concept 


• Single/Compatible  Disciplines 

• Related/ Integrated  Instrument  Sets 

• Mission  to  Mission  Evolution 

• Establish  Modular  Instruments 

• Maintain  Margins 

• Do  Not  Deintegrate 
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Discipline  Laboratory  Evolution 


Discipline  Laboratory  Overview 


Discipline  Laboratories 
Flight  Model/Aug.  19f 


Discipline  Laboratories 


Solar  Optical  Telescope 


| -v- . i * ;v*  .*• 

rvj  .J  I 


m ■!  :■ 


f.i 


Shuttle  High  Energy 
Lab 


Shuttle  Telescopes  for 

Space  Plasma  Lab 

Astronomical  Research 

Shuttle  Infrared 

Telescope 

....  

N. 

Space  Biomedical  Laboratory  (SL-4, 10) 


Goals/Objectives 

• To  Conduct  a Comprehensive  and  Integrated 
Exploration  of  the  Effects  of  Acute 
Weightlessness  on  Living  Systems 


First  Launch:  Nov.  1985 


Flight  Interval:  24  Months 


No.  of  Experiments:  25 


P.l.  Status:  Selected  for  Definition 


Configuration: 

Hardware  Status: 

Major  Facilities 
or  Instruments: 


Long  Module 

38 

In  Development 

Q 2 

30  P 

o -o 

— Research  Animal 

c 5 
> a 

Holding  Facility 

— General  Purpose  Work 

Station 

— Physiological 
Monitoring  System 

— Refrigerators-Freezec 


Space  Plasma  Lab 


Goals  Objectives 


First  Launch: 

Flight  Interval: 

No.  of  Experiments: 
P.L  Status: 
Conjuration: 

iL 

HartJware  Status: 

Major  Facilities 
of  instruments: 


• Perform  Active  Experiments  in  Plasma 
Physics  Us*a§  the  Earth's  Magnetosphere 
as  a Laboratory 


Dec.  1987 
18  Months 
8 

Selected  for  Definition 
Short  Module  and  2 Pallets 
Definition 

— Waves  in  Space  Plasma 

— Space  Experiments  with 
Particle  Accelerators 

— Recoverable  Plasma 
Diagnostic  Package 

— Theoretical  Experiments  in 
team  Plasma  Physics 
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Solar  Optical  Telescope 


Goals/Objectives 

• Origin  and  Evolution  of  the  Solar  Magnetic 
Field 

• Heating  of  the  Chromosphere  and  Transition 
Region 

• Mass  Transport  in  the  Lower  Solar 
Atmosphere 

• Small  Scale  Solar  Flare  Processes 


First  Launch:  October  1989 


Flight  Interval:  Approx.  12  Months 

No.  of  Experiments:  2 {Initial) 

P.l.  Status:  Phase  B Development 

Configuration:  Dedicated  Mission  (Igloo, 

Pointer  + 1 or  2 Pallets) 
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Hardware  Status:  Development  Phase 

Major  Facilities  — Telescope  Facility  (1.25m 

or  Instruments:  Primary  with  0.1  Arc 

Second  Resolution) 

— Coordinated  Filtergraph 
Spectrograph  (Dr.  Title) 

— Photometric  Filtergraph 
(Dr.  Zirin) 
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Material  Science  Laboratory 


Goals/Objectives 

• Materials  Processing  Demonstration  in 
Low  g Environment 


First  Launch:  April  1984 

Flight  Interval:  6 Months 

No.  of  Experiments:  Variable 
P.l.  Status:  Selected 

Configuration:  MPESS 


Hardware  Status:  In  Development 

Major  Facilities  — Materials  Experiment 

or  Instruments:  Assembly 


f 
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Shuttle  Radar  Laboratory 


Evaluate  Spacebome  lawgteg  IWm  for 
Oeotagaal  EaptaMion 
Obtain  fVgih  WoaMution  Photographs  for 
Geologic*  and  CottograpMaei  Applications 
Measure  the  Global  Distribution  of  Qhfeon 
Monoxide  in  the  Troposphere 


First  Launch: 
Flight  Interval: 


August  1984 


o o 

t»  A 
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12  to  18  Months 


No.  of  Experiments:  4 


P.l.  Status: 
Configuration: 


Major  Facilities 
or  Instruments: 


€3 

pa 


Selected 

Pallet 


Hardware  Status:  Development 


— Shuttle  Imaging  Radar 

— Large  Format  Camera 

* 

— Measurement  of  Air 
Pollution  from  Satellites 


Shuttle  Infrared  Telescope 


Goals/Objectives 

• Study  the^  Very  Cold  Regions  of  Space  Where 
Cosmic  Dust  and  Gas  Condense  into  Stars 

• Study  Cool  Solar  System  Objects 

• Study  Infrared-Emitting  Extragalactic  Objects 


First  Launch:  1990 


Flight  Interval:  12  to  18  Months 

No.  of  Experiments:  < 3 


P.l.  Status: 
Configuration: 


Pre  A.O. 

Dedicated  (Pallet  + Igloo 
+ IPS) 


Hardware  Status:  Pre  Phase  B 


Major  Facilities  — 0.8m  Cryogenically  Coded 
or  Instruments:  Telescope  with  Up  to 

Three  Focal  Plane 
Instruments 


c. 
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Environmental  Observation  Mission 


Goals/Objectives 

• Determination  of  the  Long  Term  Variability 
of  the  Solar  Output 

• Identification  and  Measurement  of  the 
Abundance  of  Upper  Atmosphere 
Constituents 


First  Launch:  July  1986 

Flight  Interval:  12  Months 

No.  of  Experiments:  6 
P.l.  Status:  Selected 

Configuration:  Pallet  + Igloo 

Hardware  Status:  In  Development 


Major  Facilities  - Solar  Irradiance 
or  Instruments:  Monitoring  System 

— Atmospheric  Trace 
Molecule  Observation 
Through  Spectroscopy 

— Imaging  Spectroscopy 
Observation 


International  Microgravity  Laboratory 


'.V  •l  > |N 
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First  Launch: 


Flight  Interval: 


1987 


12  Months 


No.  of  Experiments:  September  1982  Meetings  to 

Identify  Candidate  Facilities 


Status: 


Proposed  in  Sander/ 
Bignier/Greger  Discussions 

In  Discussion  Stage  with 
Pederson/ Abrahamson/ 
Edelson 

Focus  During  Bignier 
Visit  October  1982 


Goals/Objectives 

• Low  g Mission  with  Emphasis  on  Materials 
Processing  and  Life  Sciences 


Candidate  Facilities 
and  Instruments: 


- Biorack 

- Material  Science* 
Double  Rack 

- Sled 

- FES/VCG 

- GFFC 

- DDM 
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Shuttle  Telescopes  for  Astronomical  Research 


Goals/ Objectives 

• Ultraviolet  SurT  ■ ; - ; T normal 

Sources,  Galactic  cjias.:-;rs  interstellar 

Gas  and  Dust,  and  Tsrgois  of  Opportunity 


First  Launch: 


November  1985 


Flight  Interval:  12  Months 

No.  of  Experiments:  3 


P.l.  Status: 


Configuration: 


Selected,  Guest  Investigator 
Program  Planned 

2 Pallets,  Igloo  and 
Pointer 


Flardware  Status: 


In  Development 


Major  Facilities  — Three  Complementary 
or  Instruments:  Ultraviolet  Telescopes  with 

Spectrophotometry, 
Spectropolarimetry,  and 
Imaging  Capabilities 
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Shuttle  High  Energy  Astrophysical 

Laboratory 


Goal;  /Objectives 


First  Launch: 

Flight  Interval: 

No.  of  Experiments: 
P.l.  Status: 
Configuration: 

Hardware  Status: 

Major  Facilities 
or  Instruments: 


1988 

12  Months 
4 

In  Definition 

Pallet  + Igloo  + 2 Unique 
Structures 

In  Definition 

— Large  Area  Modular  Array 
of  Reflectors 


• Survey  Low  Energy  Diffuse  X-Rays 
from  Interstellar  Gases 

• Observe  Cosmic  X-Ray  Sources 

• Measure  Cosmic  Ray  Energy/ Charge 
Spectra 


— Diffuse  X-Ray 
Spectrometer 

— Broad  Band  X-Ray  n E 

Telescope  o 

_ a \ 

— Cosmic  Ray  Nuclei  ^ = 

Experiment  f : 


Summary 


Leads  Toward  Space  Station/ Long  Term 
Orbital  Studies 

Provide  Opportunities  for  Growth 

Provides  Opportunities  for  Flight  in  This  Decade 

Maintains  Science  Teams'  Interest  During  Free 
Flyer  Lull 


SPACE  STATION  PROGRAM  DEFINITION 


TECHNOLOGY  DEVELOPMENT  MISSIONS 


PRESENTED  AT 

CONTRACTOR  ORIENTATION  BRIEFING 
SEPTEMBER  14-I5P  1982 


NASA  HEADS  WATERS 
WASHINGTON,  D.C„ 


3-  V.  MANSON 
NASA  HO 
RSS-5 
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SPACE  STATION  PROGRAM  DEFINITION 


CONTRACTOR  ORIENTATION  BRIEFING 
SEPTEMBER  14-15,  1982 

TECHNOLOGY  DEVELOPMENT  <TD>  MISSIONS 

' CONTENTS 

o INTRODUCTION*  TD  MISSIONS 
o POTENTIAL  SPACE  STATION  SUPPORT 
o TD  MISSIONS  FEASIBLE  IN  ALTERNATE  WAYS 
a SOURCES  OF  CANDIDATE  TD  MISSIONS 
o ILLUSTRATIVE  TD  MISSIONS 
o SUMMARY 
o ATTACHMENT  A 
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INTRODUCTION 


TECHNOLOGY  DEVELOPMENT  MISSIONS 

\ 

O A TECHNOLOGY  DEVELOPMENT  (TD)  MISSION  IS  AN  EXPERIMENTAL  PROJECT  THAT  IS 
AIMED  AT  ADVANCING  SPACE  TECHNOLOGY  AND  RECEIVES  SUPPORT  FROM  THE  SPACE 
STATION.  THE  SCOPE  OF  TD  MISSIONS  IS  VERY  BROAD,  WITH  VALUE  FOR  SCIENCE, 
APPLICATIONS,  COMMERCIAL  USES,  NATIONAL  DEFENSE,  AND  ENHANCEMENT  OF  NASA'S 
CAPABILITIES  AND  ROLE  IN  SPACE. 

O TD  MISSIONS  AS  DEFINED  HERE  ARE  NOT  PROJECTS  TO  DEVELOP  ENABLING  TECHNOLOGY 
FOR  THE  FIRST  SPACE  STATION.  HOWEVER,  WITH  SUPPORT  FROM  THE  FIRST  OR 
SUBSEQUENT  STATIONS  THEY  COULD  DEVELOP  TECHNOLOGY  FOR  MODIFIED  OR  LATER 
GENERATION  STATIONS. 

o TD  MISSION  REQUIREMENTS  INFLUENCE  THE  DESIGN  OF  THE  SPACE  STATION  THAT  WILL 
. .SUPPORT  THEM.  THEY  WILL  INFLUENCE  THE  DESIGN  OF  THE  FIRST  SPACE  STATION. 

o THE  POTENTIAL  ROLE  OF  A SPACE  STATION  IN  TD  MISSION  SUPPORT  IS  OUTLINED  AND 
EXAMPLES  OF  TD  MISSIONS  ARE  PRESENTED.  A FORMAT  FOR  DESCRIBING  CANDIDATE 
TD  MISSIONS  IS  INDICATED. 


/ 
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POTENTIAL  SPACE  STATION  SUPPORT  OP 
TECHNOLOGY  DEVELOPMENT  MISSIONS 

RELATIONSHIP  TO  PAYLOAD 

o SUPPORT  FOR  INTERIOR-MOUNTED  PAYLOADS 
o BASE  FOR  ATTACHING  EXTERNAL  PAYLOADS 
o BASE  FOR  ORBITAL  ASSEMBLY/CHECKOUT 
O BASE  FOR  PERIODIC  VISITS  FOR  MAINTENANCE /RESUPPLY 
a CONTROL  CENTER  FOR  NEAR-VICINITY  FREE  FLYERS 

I 
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POTENTIAL  SPACE  STATION  SUPPORT  OF  TECHNOLOGY  DEVELOPMENT  MISSIONS 
AVAILABLE  OPERATIONAL  CAPABILITIES/CONDITIONS 

o HUMAN  INTERFACE/EXPERIMENT  ACCESSIBILITY 
o ABILITY  TO  HANDLE  LARGE  SIZE  <WITH  EVA  AND  MMU) 
o LONG  TERM  OPERATIONS  CAPABILITIES 

- ITERATIVE  ADJUSTMENT/TEST INB 

- EVOLUTIONARY  DEVELOPMENT  <E.B.,  OPTIMAL  ECLSS) 

- LONG  DURATION  EXPOSURE,  REMOVAL,  REPLACEMENT 

- OTHER 

o SPACE  ENVIRONMENT  <LOW  G,  LOW  P,  PLASMA,  RADIATION) 


- tr 


TECHNOLOGY  MISSIONS  FEASIBLE  IN  ALTERNATE  NAYS 


CANDIDATE  SPACE  STATION  TECHNOLOGY  MISSIONS  MAY  BE  FEASIBLE  USING  SPACE 
SHUTTLE,  LDEF,  FREE  FLYER,  OR  OTHER  ALTERNATIVES 


IN  SUCH  CASES,  COMPARISON  STUDIES  ARE  REQUIRED,  BASED  ON  COST,  SCHEDULE, 

environmental  impact  or  other  major  criteria,  to  determine  appropriateness 


as  A SPACE  STATION  MISSION 
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SOURCES  OF  TECHNOLOGY  DEVELOPMENT  MISSIONS 


TECHNOLOGY  DEVELOPMENT  OR  SCIENCE  MISSIONS  IN  ANY  OF  THE  CATEGORIES  LISTED  IN1THE 

be  required  in  the  oast  or  space  station  disciplines  and 
WORKING  AREAS  LISTED  IN  THE  SECOND  AND  THIRD  COLUMNS. 


TECHNOLOGY 

CATEGORIES 


O GENERIC 

o FLIGHT  MISSION- 
SUPPORTING 

o OPERATIONS 


SCIENCE 


o PHYSICS, 

CHEMISTRY,  OTHER 
EXPERIMENTS,  IN 
SPACE  ENVIRONMENT 


NASA/OAST 
DISCIPLINE  AREAS 

o MATERIALS  V STRUCTURES 

o ENERGY  CONVERSION 


a COMPUTER  SCIENCE  * 
ELECTRONICS 

O PROPULSION 

o CONTROLS  * HUMAN  FACTORS 


o SPACE  STATION  SYSTEMS 


SPACE  STATION 
WORKING  AREAS 

o STRUCTURES  Si  MECHANISMS 

o POWER,  THERMAL 


o DATA  MANAGEMENT, 
COMMUNICATIONS 

o AUXILIARY  PROPULSION 

o ATTITUDE  CONTROL  It 
STABILIZATION,  HUMAN 
CAPABILITIES 

o SYSTEMS/OPERATIONS 
TECHNOLOGY, 
ENVIRONMENTAL  CONTROL 
AND  LIFE  SUPPORT 


o FLUID  Si  THERMAL  PHYSICS, 
PACE  <£HYSICS  £ CHEMISTRY 
EXPERIMENTS) 


ILLUSTRATIVE  TECHNOLOGY  DEVELOPMENT  MISSIONS 
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MAJOR  INITIAL  TD  MISSION 


o MEASURE  SPACE  STATION  PERFORMANCE/BEHAVIOR 

" SENS0RS  °N  SPflCE  NATION 

o COMPARE  WITH  PREDICTIONS  BASED  ON 

- GROUND  EXPERIMENTS 

- ANALYTICAL  MODELS/SIMULATION 

° EVALUATE  RESULTS  FOR  INFORMATION  ON 

- BEHAVIOR  OF  OPERATIONAL  LARGE  SPACE  SYSTEMS 

- ABILITY  TO  PREDICT  WITH  EXISTING  TOOLS/ TECHNIQUES 

- TECHNOLOGY  NEEDS 

o DEFINE  REQUIRED  ADDITIONAL  TECHNOLOGY  DEVELOPMENT  MISSIONS 


« 


C 


L i 


.1 


* 


* 
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GENERIC  TECHNOLOGY  DEVELOPMENT  MISSIONS 

EXAMPLES 


o 


LARGE  SPACE  STRUCTURES s 

FOR  CANDIDATE  FLEXIBLE  SPACE  STRUCTURES, 


COMPARE  MEASURED  AND  PREDICTED 
~ 1 INVESTIGATE  METHODS  TO  CONTROL 


VIBRATIONAL  MODES,  FREQUENCIES 
ATTITUDE,  SHAPE,  VIBRATIONS 


o FLUID  SYSTEMS: 

INVESTIGATE  TWO-PHASE  STATIONARY  AND  FLOW  PROCESSES  IN  LOW  G 
BUBBLE  FORMATION,  BEHAVIOR 
- THERMAL  STRATIFICATION 
NICKING  PERFORMANCE 


o 


MATERIALS: 

INVESTIGATE  CHANGES  IN  PROPERTIES  WITH  EXPOSURE  DURATION 

- periodic  inspection,  removal,  analysis,  replacement 


O OTHER 
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CONFIGURATION 


650  m 
TYPICAt 


«* 


REQUIREMENTS 

• ORBIT 

. SOLAR  COOHT'R  ATTITUDE  CONTROL 

• MPTS  POINTING 

• STATIONKEEPING 


Is' 


MODELING 


SOUR  COLLECTOR 
PUTTORM 


COMBINED  COULECTOR/MPTS  DYNAMICS 


v / 
' 1 1 


CONTI  NUUMlMODEL 
1 FLEXIBLE  BODY  WITH 
ATTACHMENTS 
PARAMETRIC  ANALYSIS 


RIGID 


RIGID 


FLEXIBLE  MULTIBODY  MODEL  j 
5 H INGE-CONNECTED  BOD  IES  ! 
COMPLETE  DYNAMIC/CONTROL 
VERIFICATION 


• MULT  I BODY  MODEL 

• 3 HINGE-CONNECTED  BODIES 

• INITIAL  CONCEPT  DEVELOPMENT 


-*r« 


MODAL  FREQUENCIES  OF  SPS 


- • 


I 


MPTS 

ANTENNA 

i 

COLLECTOR 

STRUCTURE 


COLLECTOR 

WITH 

END-MASSES 
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THE  SPS  AND  THE  ANTENNA'S  FUNDAMENTAL  FREQ'S  ARE  2 TO  3 ORDERS 
OF  MAGN ITUDE  GREATER  THAN  THE  ORB  ITAL  FREQ 


• THE  1ST  MODE  OF  ANTENNA  IS  1 ORDER  OF  MAGNITUDE  GREATER  THAT 

OFTHE  PLATE  

• THE  FIRST  3 MODES  OF  THE  ANTENN/TOVERLAPS  WITH  THE  8TH  MODE 
OF  THE  PLATE 

• THE  ANTENNA  MASSES  DO  NOT  REDUCE  THE  SPS  FREQ'S  SIGNIFICANTLY  ' 
NOR  DOES  THE  COUPLING  STIFFNESS 


1 • THE  iAOST  S IGNIFICANT  FACTORS  ARE  THE  ASPECT  RATIO,  AND  DEPTH 
■OF  PLATFORM 
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EXAMPLES  OP  RELEVANCY 


o LARGE  STRUCTURES/STABILITY  CONTROL 

- NATIONAL  SECURITY:  LARGE  ( 100M)  DEPLOYABLE  ANTENNAS  ARE  SOUGHT 

BY  THE  MID  - 90’S* 

~ RADIO  ASTRONOMY 3 DESIRE  PARABOLIC  DISH  ANTENNAS  UP  TO  100  FT  IN 
DIAMETER,  ANTENNA  ARRAYS  I-  TO  20-KILOMETER  IN  EXTENT 

- SOLAR  CELL  ARRAYS  IN  NEAR-EARTH  ORBIT  <30*i>:  50KW  AVERAGE  POWER 

REQUIRES  AN  ACTIVE  AREA  > 7,500  FT* 


s' 


* COLONEL  NORMAN  W.  LEE,  JR. , DEPUTY  FOR  TECHNOLOGY,  USAF  SPACE  DIVISION, 
"NATIONAL  SPACE  OUTLOOK,  USAF  SPACE  TECHNOLOGY  NEEDS",  PRESENTED  TO  THE 
NATIONAL  SPACE  CLUB  CONFERENCE,  22-23  JUNE  1982,  PAGE  B-1697,  T-33. 
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FLIGHT  MISSION-SUPPORTING  TECHNOLOGY  DEVELOPMENT  MISSIONS 


TECHNIQUE  DEVELOPMENT,  PERFORMANCE  VERIFICATION,  OTHER,  IN  SPACE 
ENVIRONMENTS  FOR  SPECIFIC  MISSIONS 


MISSION  CATEGORIES 

- SCIENCE 

- APPLICATIONS 

- COMMERCIAL 

- NATIONAL  SECURITY 


--/.VL?  1VNIOWO 


LARGE  OPTICAL-CLASS  REFLECTOR 
PAYLOADS 
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OPERATIONS  TECHNOLOGY  DEVELOPMENT  MISSIONS 

EXAMPLES 


ON-BOARD 

° LIFE  SUPPORT  TECHNOLOGY  ADVANCEMENT 
o CONTAMINATION  CONTROL 
O SPACECRAFT  CHARGING  CONTROL 

o HIGH  VOLTAGE/PLASMA  INTERACTION  REDUCTION 
o FIRE  SAFETY  TECHNOLOGY 
o OTHER 

OFF-BOARD 

o CONSTRUCTION  OPERATIONS  ADVANCEMENT 
o SATELLITE  SERVICING  ENABLEMENT 
, ° 0TV  FLIGHT  SUPPORT  ENABLEMENT 


o OTHER 


* 
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CRYOGENIC  OTV  EXPERIMENTS 


Propellant  Fill  and  Drain 
• Tranafar  Una  Chllldown 
a Tank  Prachlll  (In-OrbU  Chllldown 
«s  Ground  Chllldown) 

a Tank  Fill  Without  V anting 
a Loading  Accuracy 

a Loading  Tlmaa  With  Partial  Aequlaltlon 
Daatca  on  Tankar 

Propellant  Storaga  (Long-Term) 
a Insulation  -MU  ft  MLWCS 
a Zaro-G  Vent  Systani 

Tank  Assambty 
a Latching 
a Umbilical  Scaling 


Monitoring  and  Maintenance 


W-.'A  T/Minwo 


PHYSICS  AND  CHEMISTRY  EXPERIMENTS  IN  SPACE 

EXAMPLES 


o TRICRITICAL  POINT  STUDY  IN  CRYOGENIC  MIXTURES 
o CONVECTION  IN  SOLIDIFYING  BINARY  MIXTURES 
o FLOAT  ZONE  EXPERIMENTAL  STUDY 
o FLAME  SPREADING  IN  REDUCED  GRAVITY 

o BOUYANCY  EFFECTS  ON  VAPOR  FLAME  AND  EXPLOSION  PROCESSES 
o IMMISCIBLE  LIQUID  DROPLET  MOTION 

o ELECTROHYDRODYNAMICS  OF  DROPS,  BUBBLES  8»  FLUID  CYLINDERS 
o CRYOGENIC  EQUIVALENCE  PRINCIPLE  EXPERIMENT 


FORMAL  DESCRIPTION  OF  TECHNOLOGY  DEVELOPMENT  MISSIONS 

RECOMMENDED  FORMAT 


I.  MISSION  TITLE 

II.  MISSION  DESCR I PT I ON 

III.  BENE? IT 

IV.  JUSTIFICATION 

V.  MISSION  REQUIREMENTS  S<  CAPABILITIES 

VI.  SPACE  STATION  VS.  F REF  FLYER 
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FORMAL  DESCRIPTION  OF  TECHNOLOGY  DEVELOPMENT  MISSIONS 


N 


EXAMPLE: 

FLUID  MANAGEMENT  TECHNOLOGY 

QiTryr;  \ 

OF  f-c  O ' 

I.  Mission  Objectives 

To  provide  a technology  base  for  systems  requiring  storage, 
acquisition  and  transfer  of  both  earth  storables  and  cryogens  under 
controlled  reduced  gravitational  conditions. 

II.  Mission  Description 

The  missions  proposed  will  provide  the  technology  for  the  long  term 
storage,  acquisition  and  transfer  of  both  single  and  two-phase 
fluids.  Key  issues  regarding  fluid  mechanics,  heat  transfer  and 
thermodynamics  of  these  complex  physical  systems  need  to  be 
addressed.  Specific  experiments  must  be  conducted  on  surface 
tension  screen  acquisition  devices,  pool  boiling,  two-phase  flow 
boiling,  fluid  reorientation  and  transfer  utilizing  noncryogenic 
fluids. 

Because  of  the  unlimited  number  of  experiments  which  could 
potentially  be  conducted  in  this  category,  this  mission  could 
substantially  benefit  from  a manned  technology  development 
laboratory.  It  is  envisioned  that  this  laboratory  could  be 
connected  to  the  space  station  through  some  isolation  structure  or 
be  flown  in  a manned  free  flyer  to  minimize  extraneous  disturbances. 

III.  Benefit 


Life  support  systems  and  environmental  control  systems  can  be  more 
efficiently  designed  with  an  improved  knowledge  of  two-phase  heat 
and  mass  transfer  under  low-g.  Long  duration  fluid  management 
experiments  would  provide  designers  of  Orbital  Transfer  Chicles 
enabling  technology. 

IV.  Justification 


Advanced  Fluid  Management  Technology  Missions  will  require  a long 
duration,  controlled  low  gravity  environment.  In  addition  to  very 
low  levels,  selected  discrete  gravity  levels  at  some  TBD  level  will 
also  be  required.  An  auxilliary  propulsion  system  will  be  required 
to  control  these  low  gravity  levels. 

V.  Mission  requirements  & Capabilities 

A)  Orbital  Parameters  - None 

B)  Mass,  volume,  operational  envelope  mass  is  TBD  but  an  estimated 
volume  of  four  times  the  Spacelab  volune  on  Space  Shuttle  may  be 
required  for  a technology  development  laboratory.  A key  element  to 
any  manned  operating  laboratory  is  space. 
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C)  Rower  - The  pcwer  requirements  are  experiment  peculiar.  However 
it  is  anticipated  that  both  AC  and  DC  power  at  normal  levels 
available  in  earth-bound  laboratories  will  be  required. 

D)  Thermal  Control  - Thermal  control  for  the  individual  experiments 
will  be  experiment  peculiar  and  should  not  be  a requirement  of  the 
space  station.  Thermal  control  of  the  laboratory,  however,  should 
be  available  and  operational  to  earth  based  laboratory  values.  This 
issue  may  be  related  to  environmental  control. 

E)  Attitude,  Stabilization  - The  Laboratory  Concept  must  operate  in 
a gravitational  environment  which  must  be  capable  of  providing 
controlled  low  acceleration  levels.  An  auxilliary  propulsion  system 
will  be  required  to  provide  this  control  and  is  considered  a 
separate  technology  mission. 

F)  Viewing  - to  requirements 

G)  Environmental  Constraints  - TBD 

H,  I)  Data  Management,  Communications,  Crew  Timeline  - The  Space 
Station  Technology  Development  Laboratory  will  need  to  be  manned  to 
perform  technology  experiments  in  real-time,  ffeyload  specialists 
will  need  to  be  trained  to  operate  and  upkeep  Data  Management 
System,  conduct  tests  and  transmit  data  back  to  earth  for  subsequent 
analysis.  Crew  timeline*  should  be  scheduled  to  eliminate 
undesireable  g-jitter  -^jrbances  to  experiments. 

3)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 

VI.  Space  Station  VS.  Free  Fiver 

The  technology  experiments  identified  have  both  safety  and 
acceleration  control  requirements  that  may  require  trade  studies 
between  Space  Station  and  Free  Flyer.  In  either  case,  this 
laboratory  should  be  capable  of  providing  controlled  low  levels  of 
feduced  Gravity.  The  laboratory  concept  is  envisioned  to  provide 
adequate  space,  power,  thermal  control  and  basic  experimental 
services  such  as  supply  air,  etc.  Experiment  peculiar 
instrumentation  would  not  be  a part  of  this  laboratory. 


CANDIDATE  TECHNOLOGY  DEVELOPMENT  MISSIONS  DESCRIBED  IN 

ATTACHMENT  A 


Crew  System* i 

- Emesis  Station 

- Dishwasher /Clothes  Washer  Appliances 

Long  Term  Cryogenic  Fluid  Storage  Technology 
Fluid  Management  Technology 
Fire  Safety  Technology 

Controlled  Acceleration  Propulsion  Technology 
Large  Space  Power  System  Technology  Demonstr at i on 
Ion  Thruster  Effects  on  LEO  Power  Systems 
Liquid  Droplet  Radiator 

Large  Structure  Technology  Experiments 
Attitude  Control 

- System  Ident i f i cat i on  Experiment 

- Adaptive  Control  Experiment 

- Distributed  Control  Experiment 

Zero  "0“  Antenna  Range  Communications  Experiment 
Laser  Communication  and  Tracking  Development  Experiment 
Teleoperator  Real  Time  Communications  '*'•  eriment 
Multi-Frequency  High  Gain  Antenna  Control  Experiment 

Space  Structures  Technology  Devel oprnent /Dynami cs  of  Lightly 
Loaded  Structures 

Spacecraft  Strain  and  Acoustic  Emission  Sensors 
Spacecraft  Materials  Technology 
Spacecraft  Control  Technology  Development 

- Advanced  Adaptive  Control  Technology  Demonstration 

- Advanced  Control  Device  Technology  Demonstration 

- Thermal  Shape  Control  Technology 

Large  Antenna  Devel opment/LSA  Short  and  Long  Baseline 
Technology  Development  and  Utilization 
Earth  Observations  Instrument  Development: 

- MAPS  (Measurement  of  Air  Pollution  from  Satellite) 

- C02  Lidar  for  Atmospheric  Trace  Bas  Concentrati on  and  Wind 

Velocity/Transport  Measurements 

- Satellite  Doppler  Meteorological  Radar  Technology 

Development 

- Microwave  Remote  Sensing  Technology  - Passive  Systems 

- Earthbound  Oriented  Instrument  Development 
Advanced  Energetics  Research: 

— Deployment  and  Testing  of  Large  Solar  Concentrator 

- Test  Solar-Pumped  Lasers 

- Laser— to— El ectri c Energy  Conversion 

- Laser  Propulsion  Test 

- Sc! ar-Sustained  Plasmas 
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Electronics  Materials  Processing! 

- Growth  of  Compound  Semiconductor  Crystals 

- Growth  of  Thin  Single  Crystal  Rhodium  Wafers 

Space  Manufacturing  and  Processing  Technology  Development 
/Fabrication  of  Lightweight  Cryogenic  Heat  Pipes 
Space  Teleoperator  Systems  Research/Mani pul ator  Controls 

SPIcehSt!tion  Acoustics  Control  Technology  Development /Noise 

and  Vibration  Habitability  Criteria  Validation 


Active  Optics  Technology 
Cryogenic  Lifetime  Technology 
Space  Component  Lifetime  Technology 
Materials  and  Coating  Technology 

Large  Space  Structure  Technology 
Satellite  Servicing  Technology 
OTV  Servicing  Technology 


Tether  Dynamics  Technology 

Earth  Observation  Sensor  Definition  , 

Earth  Feature  Identification  Analysis  Techniques  and  Automated 

Systems  Definition 

Earth  Observing  Technique  Development 

Materials  Processing  Technology  . _ 

- Process  and  Technique  Analysis  and  System  and  Procedure 

De vel opment 


Electrophoresis  Separation  o-f  Medical  Materials  Technology 
Low  Cost  Modular  Solar  Panel  Technology 
Geodesic  Spherical  Structures  ’.Technol ogy 


Zero-Gravity  Bromine  Phase  Separation  Experiment 


SUMMARY 


.O  TECHNOLOGY  DEVELOPMENT  MISSIONS  WILL  CONTRIBUTE  TO  SPACE  STATION 
PROGRAM  DEFINITION  AND  DESIGN  SPECIFICATIONS. 


a 


A NUMBER  OF  CANDIDATE  TECHNOLOGY  DEVELOPMENT  MISSIONS  ARE 
THESE  NOTES.  THE  MISSIONS  WERE  DEFINED  BY  NASA  STAFF  AND 
IDENTIFY  AREAS  OF  TECHNOLOGY  NEED  AND  INTEREST.  HOWEVER, 
NOT,  AT  PRESENT,  OFFICIALLY  APPROVED  NASA  PROJECTS. 


INDICATED  IN 

o o 

THEY 

^ ro 

-a  if) 
o 

THEY  ARE 

c 

rO 

c. 

'!■ 


O IDENTIFICATION  OF  ADDITIONAL  TECHNOLOGY  DEVELOPMENT  MISSIONS, 

TIME-PHASING  OF  ALL  THE  TD  MISSIONS,  AND  APPLICATION  TO  SPACE  STATION 
DESIGN  AND  PROGRAM  DEFINITION  WOULD  BE  DESIRABLE. 


I Id  COMMERCIAL  REQUIREMENTS 


JOHN  COLE , MODERATOR 
SPACE  STATION  TASK  FORCE 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


r“  rs 


ORIGINAL  PAG 
OF  POOR  QUA 


technology 

NATIONAL 


*******  r v , '.'p.jC  ** ■ 


INDUSTRY  INTERACTION 


RONALD  J.  PHILLIPS 
DIRECTOR 

utilization  and  indsutry  affairs  office 
aeronautics  and  space  administration 


INDUSTRY  FAMILIARITY  WITH  S PAC E-R E LATED  VENTURES 


UNKNOWNS 

o CHARACTERISTICS  AND" VALUE"  OF  SPACE  ENVIRONMENT 
o CAPABILITIES  OF  SPACE  TECHNOLOGY/SYSTEMS 
o POTENTIAL  PRODUCTS/PROCESSES  HAVING  COMMERCIAL  VALUE 


o ENTRY  COSTS  ASSOCIATED  WITH  EXPERIMENTATION  IN  SPACE 

o LEAD  TIMES  REQUIRED  TO  DESIGN  EXPERIMENTS  AND 
SCHEDULE  STS  FLIGHTS 

o GOVERNMENT  CONTROLS  MEANS  OF  ACCESS  TO  SPACE 


INDUSTRY  IS  GENERALLY  UNABLE  TO  ASSESS  RISK  VS.  RETURN 

AND 


LIKELIHOOD  OF  FINANCIAL  SUCCESS 


if 

!• 

i 

v 

tv 

t 

t 
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EARLY  USAGE  IN  SPACE  POLICY  STATEMENT  AND  JOINT 
ENDEAVOR  GUIDELINES 

REDUCE  INDUSTRY  FINANCIAL  EXPOSURE 

REDUCE  INDUSTRY  RISK  ASSOCIATED  WITH; 

TECHNOLOGICAL  PERFORMANCE  UNCERTAINTIES 

R & D COST  UNCERTAINTIES 

MARKET  UNCERTAINTIES 


SPECIFIC  POSSIBILITIES 

TEA’S  — EXCHANGE  TECHNICAL  INFORMATION  AND 
COOPERATE  IN  CONDUCT  AND  ANALYSIS 
OF  GROUND-BASED  RESEARCH 

IGI'S  — CORPORATE  SCIENTIST  COLLABORATES 
WITH  NASA  P.I.  ON  SPACE  FLIGHT 
EXPER  MENT 

JEA’S  — LEGAL  AGREEMENT  HAVING  COMMERCIAL 
PRODUCT/PROCESS  AS  END  OBJECTIVE 


OF  POOR  QUaLs'i  / 


INDUSTRY  INITIATIVES 
(AS  OF  SEPTEMBER  14) 

o AGREEMENTS 

5 JEA'S  PROPOSED  OR  SIGNED 
4 TEA'S  PROPOSED  OR  SIGNED 
4 MOU'S  PROPOSED  OR  SIGNED 

o ACTIVITY 

PROCESSING/RESEARCH  ON  BIOLOGICAL  MATERIALS  (2) 
CRYSTAL  GROWTH  (1) 

MPS  RESEARCH  SERVICES  (2) 

MPS  RESEARCH  (4) 

HARDWARE  DEVELOPMENT  FOR  SPACE-RELATED 
ACTIVITIES  (3) 
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CAPITAL  INVESTMENT  IN  SPACE 


THE  CORPORATE  PERSPECTIVE 


STANLEY  R . GOLDBERG 
CHIEF , STUDIES  AND  ECONOMIC  ANALYSTS 
TECHNOLOGY  UTILIZATION  AND  NDUSTRY  AFFAIRS  '.■FFTCE 
NATIONAL  AERONAUTICS  AND  . PACE  ADM  J N I S'1  RAT  I ' 'N 
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CAPITAL  INVESTMENT  IN  SPACE: 
THE  CORPORATE  PERSPECTIVE 


PROJECT  ATTRACTIVENESS 
A.  GENERAL  CRITERIA: 

1.  SHORT  PAYBACK  PERIOD  (TYPICALLY  3-5  YRS . ) 

2.  SMALL  RELATIVE  FINANCIAL  EXPOSURE 

3.  HIGH  ROI 

4.  RISK  NOT  LARGE 


OR,  EQUIVALENTLY 

NET  POSITIVE  CASH  FLOW  IS  QUICK,  SURE,  LARGE 

- CASH  FLOW,  NOT  "PROFIT",  IS  THE  IMPORTANT 
DETERMINANT  OF  THE  VALUE  OF  A VENTURE 

- REFLECTS  CAUTIOUS  MANAGEMENT 


B.  SPACE  INVESTMENT  CRITERIA 

1.  HIGH  VALUE  PRODUCT 

2.  SUBSTANTIAL  ADVANTAGE  TO  SPACE  VS.  GROUND  PROCESSING 

3.  SPACE  PROCESSES  CAN  BE  DEVELOPED  IN  A GIVEN, 
REASONABLE  TIME  AT  AN  AFFORDABLE  COST 

4.  MARKET  EXISTS  AT  A REASONABLE  PRICE 

5.  MARKET  WILL  NOT  DISAPPEAR 

a.  NEW  RIVAL  PRODUCTS 

b.  TECHNOLOGICAL  BREAKTHROUGH  PERMITTING 
COMPETITIVE  GROUND  PRODUCTION 

- INDUSTRIAL  MANAGEMENT  APPARENTLY  NOT  WILLING  TO  INVEST 
IN  SPACE  UNTIL  IT  IS  REASONABLY  ASSURED  OF  AN 
ATTRACTIVE  RETURN 


- UNDERMINES  EXPLORATION  OF  COMMERCIAL  POSSIBILITIES 


INVESTMENT  IN  SPACE 


EXPERIENCE  THUS  FAR  INDICATES 


1 . 
2. 


SHOR.ACIE  OF  IDEALS  REGARDING  POTENTIALS  OF  S PAC E 
INDUSTRY’S  INABILITY  TO  IDENTIFY  NEW  PRODUCTS 
NEW  PROCESSES,  NEW  MARKETS  WITH  EXTREMELY  ' 
LUCRATIVE  COMMERCIAL  POTENTIAL 

FEW  NON-AEROSPACE  FIRMS  EVEN  RE LATr  RESEARCH 
IN  SPACE  TO  THEIR  OWN  OPERATIONS 


THAT  IS,  MANY  FIRMS  CURRENTLY  INVOLVED 
MAKRET  ANALYSIS  ARE  SEEKING  TO  IDENTIFY 
PRODUCTS 


IN  SPACE-RELATED 
AND  DEVELOP 


1 . 
2. 


ACHIEVING  HIGHEST  DOLLAR  VALUE  PER  UNIT  WEIGHT 

» asim 

- IRONIC  THAT  MOST  SPACE  APPLICATIONS 
PRESUMABLY  WILL  CREATE  NEW  MAKRETS 


~ A SOMEWHAT  LIMITED  FOCUS 


O 
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III.  NON-INVESTMENT  IN  SPACE 


A.  ECONOMICS: 

1.  PERCEIVED  HIGH  TECHNOLOGICAL  AND  MARKETING  RISK 

2.  PERCEIVED  LARGE  INVESTMENT,  LONG  AND  INDETERMINATE 
PAYBACK 

- AT  BEST,  "SECOND-TO-MARKET"  STRATEGY 


B.  INSTITUTIONAL  DETERRENTS: 

1.  DIFFICULTY  IN  SECURING  EXCLUSIVITY  OF  TECHNICAL 
DATA  AND  PATENT  RIGHTS  FOR  FIRMS  DOING  NASA-RELATED 
RESEARCH 

- GIVEN  GUARANTEE  OF  CONFIDENTIALITY,  STILL  EXISTS 
CONCERN  OVER  INADVERTENT  COMPROMISE  OF  DATA 
RIGHTS  BY  GOVERNMENT 

2.  LEGAL  AND  REGULATORY  OBSTACLES 

- RIGHT  TO  OWN  ORoXTAL  SLOTS  OR  OTHER  EXTRA- 
TERRESTRIAL RESOURCES 

- POSSIBLE  ANTI-TRUST  CONFLICTS  FROM  THE  POOLING 
OF  RESOURCES  TO  OVERCOME  HIGH  COST/HIGH  RISK 
NATURE  OF  SPACE  VENTURES 

- GRANTS  OF  EXCLUSIVITY  STILL  HAVE  NOT  BEEN 
TESTED  IN  THE  COURTS 

3.  DOD  PRIORITIES  PREEMPT  TIMELY  FOLLOW-UP  OF 
COMMERCIAL  ACTIVITIES 

4.  GOVERNMENT  ACCOUNTABILITY  AND  LIABILITY  QUESTIONED 

5.  PERCEIVED  GOVERNMENT  REGULATION,  INTERFERENCE 
IN  OPERATIONS,  AND  UNRESPONSIVENESS 

6.  POTENTIAL  FOR  LONG  DELAYS  BETWEEN  FOLLOW-UP 
FLIGHTS  DUE  TO  PERCEIVED  OPERATIONAL  INEFFICIENCIES 

7.  LACK  OF  COMMUNICATION  BETWEEN  GOVERNMENT  AND 
INDUSTRY,  ESPECIALLY  FIRMS  UNFAMILIAR  WITH  DOING 
BUSINESS  WITH  GOVERNMENT 


C.  TECHNICAL  OBSTACLES: 

- ABSENCE  OF  SUPPORTING  TECHNOLOGIES 

1.  ORBITAL  TRANSFER  VEHICLES 

2.  FACILITIES  FOR  EXTENDED  RESEARCH  AND 
MANUFACTURING 

3.  FREE  FLYERS,  PLATFORMS,  OPERATIONAL 
CENTERS  TO  SERVICE  AND  HOUSE  INDUSTRIAL 
PRODUCTION 

4.  NEED  BETTER  UTILIZATION  OF  SOLAR  ENERGY 
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PERSPECTIVES  ON  MATERIALS  PROCESSING  IN  SPACE 
COMMERCIAL  PAYLOADS  FOR  SPACE  STATION 


CHARLES  F.  YOST 
MATERIALS  PROCESSING  OFFICE 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION  ? 

*v 
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MATERIALS  PROCESSING  IN  SPACE  GOALS  AND  STRATEGY 


• MPS  HAS  TWO  GOALS: 

- DEVELOP  AND  EXPAND  FUNDAMENTAL  SCIENCE  OF  MATERIALS  PROCESSING  IN 
SPACE  ENVIRONMENT 

- IDENTIFY  EMERGING  SPACE  PROCESSING  TECHNOLOGIES  THAT  CAN  RESULT 
IN  COMMERCIAL  APPLICATION 

t STRATEGY: 

- FOSTER  SCIENTIFIC  RESEARCH  TO  BUILD  A BROAD  KNOWLEDGE  BASE  OF 
MATERIALS  PROCESSING  IN  A SPACE  ENVIRONMENT 

- CREATE  AWARENESS  OF  POSSIBLE  COMMERCIAL  OPPORTUNITIES  TO  INDUSTRY 
THROUGH  PUBLICATIONS,  SEMINARS,  VISITS  TO  NASA  CENTERS 

- ENCOURAGE  PRIVATE  SECTOR  PARTICIPATION  IN  SPACE  PROCESSING  THROUGH 
UTILIZATION  OF  JOINT  ENDEAVOR  AGREEMENTS,  TECHNICAL  EXCHANGE  AGREEMENTS 
AND  INDUSTRIAL  GUEST  INVESTIGATOR  AGREEMENTS 


ORIGINAL  PAGiL  £> 
OF  POOR  QUALITY 


RESEARCH 

PROCESSES 


TYPICAL 

EXPERIMENTS 


MPS  PROCESSES 


FURNACE 

CONTAINERLESS 

FLUIDS/CHEMICAL 

l 

BIOLOGICAL 

PROCESSING 

l 

PROCESSING 

PROCESSING 

PROCESSING 

• ISOTHERMAL  • ACOUSTIC 

GRADIENT  FREEZE 

• ELECTROMAGNETIC 

• FLOAT  ZONE 

• ELECTROSTATIC 

• DIRECTIONAL 
SOLIDIFICATION 

• VAPOR  CRYSTAL 
GROWTH 


• ELECTROPHORESIS 

• ISOELECTRIC 
FOCUSING 

• ISOTACHOPHORESIS 

• ETC 


• ELECTROEPITAXY 
ETC. 


• CRYSTAL  GROWTH 
FROM  MELT 

• CRYSTAL  GROWTH 
FROM  SOLUTION 

• CRYSTAL  GROWTH 
FROM  VAPOR 

• SEMICONDUCTOR 
CRYSTALS 

• IMMISCIBLE  ALLOYS 

• IR  DETECTORS 

• EUTECTICS- 
MONOTECTICS 

• COMPOSITE 
MATERIALS 


• ULTRA  HIGH 
TEMP.  MATERIALS 

• GLASS  PROCESSING 

• IMMISCIBLE 
GLASSES 

• FUSION  TARGETS 


• LARGE  SCALE 
CHEMICAL 
PROCESSING  - 
POLYMERIC 
PROCESSING 

• LOW  TEMPERATURE 
CRYSTAL  GROWTH 

• MEASUREMENT  OF 
THERMODYNAMIC 
PHENOMENA 

• HIGH  VOLUME 
BIOLOGICAL 
PURIFICATION  & 
SEPARATION 

• MEASUREMENT  OF 
TRANSPORT 
PHENOMENA 


• SEPARATION  OF 
PHARMACEUTICAL 
MATERIALS 

• BLOOD  PROPERTIES 


v.'  : I 

C"  •' 
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CHEM.  DEPOSITION 
CATALYSIS 

FLUID  DYNAMIC  STUDIES 


ENGINEERING  REQUIREMENTS  FOR  MPS  PAYLOADS  CENTER 
ON  FOLLOWING  QUESTIONS: 


POWER 

ENERGY 

HEAT  REJECTION/COOLING 

REVISIT/RESUPPLY 

DATA  ACQUISITION/PROCESSING 

ROLE  OF  MAN  VS  AUTOMATION  — TRADELFFS 

WEIGHT 

SIZE 

GRAVITY  REQU I REMENTS/G- JIGGLE  TOLERANCE 
ACCELEROMETER  INFORMATION  REQUIRED 
TEMPERATURE  CONTROL 
DEVIATION 

TELEMETERING/GROUND  COMMAND 


PAYLOAD 

CAPACITY 


® ADVANCED  SOLIDIFI- 
CATION EXPERIMENT 
SYSTEM  (ISOTHERMAL) 


• ADVANCED  SOLIDIFI- 
CATION EXPERIMENT 
SYSTEM  (OIRECTIONA 
SOLIDIFICATION) 


• HIGH  GRADIENT 
DIRECTIONAL 
SOLIDIFICATION 


• FLOAT  ZONE 


• ACOUSTIC 

CONTAINERLESS 


t ELECTROMAGNETIC 
CONTAINERLESS 


• ELECTROSTATIC 
CONTAINERLESS 


• SOLUTION  CRYSTAL 
GROWTH 


0 VAPOR  CRYSTAL 
GROWTH 


• BIOPROCESSING 


PROCESSING  PRO 
EMPERATURE  PL 
U 


2600 

190 

(<  a) 


2000  1 .4 


3000 


5000  0.017  0.33 


3000  0,017 


100 
(<  5) 


SAMP 
DIAMF 
(CM 


13  15 


0.2  15 


1 00cm- 


NUMBER  OF 
SAMPLES  PER 

A N YLSXLGAIi  JOiL 
MIN 1 MAX_ 

3 

50 

3 

Z 100 

3 

> 100 

3 

> 100 

3 

> 100 

3 

100 

3 

> 100 

3 

20 

10 

40 

3 

20 

Established  Ranges  of  mps  Payload  Processing  Parameter  Values  (Continued) 


REQUIRED 


I 

PAYLOAD  CAPACITY 

ESTIMATED 
PAYLOAD  WEIGHT 

(kg) 

MIN .1  MAX 

• ADVANCED  SOLIDIFICATION 
EXPERIMENT  SYSTEM 

(isothermal) 

750 

1750 

• ADVANCED  SOLIDIFICATION 
EXPERIMENT  SYSTEM 
(DIRECTIONAL 
solidification) 

1 JU 

1 1 V 

• HIGH  GRADIENT 

Directional  solidification 

800 

2300 

• float  zone 

400 

750 

• acoustic 
containerless 

700 

1600 

• electromagnetic  ! 

CONTAINERLESS 

600 

2500 

• electrostatic 

CONTAINERLESS 

700 

1600 

$ SOLUTION  CRYSTAL 
GROWTH 

300 

650 

• VAPOR  CRYSTAL 
GROWTH 

300 

650 

t BIOPROCESSING 

100 

500 

ESTIMATED  | 

REQUIRED 

PAYLOAD  VOLUME  , 

PAYLOAD  POWER 

(M3) 

(kw) 

.MAX 

min 

22.0 

0.75 

40.0 

480 

EBB 

5.6 

26.0 

0.03 

12.0 

0.04 

26.0 

0.03 

14.0 

20 

30.0 

250 

11.0 

62.5 
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energy/power  weight/volume 


RATIONALE 


MINIMUM 
750  Kg 

2.75M3 


SELECTED 
1 320  Kg 

4.8M3 


MAXIMUM 
1750  Kg 

6.4M3 


MINIMUM 
1 .5Kw 
0.75  KWHR 


• BOTTOM  OF  ENVELOPE 

• SINGLE  CHAMBER/SAMPLE 

• NO  SAMPLE  HANOLING  OR 

SIQRAGE 


• MULTIPLE  CHAMBERS/ 
SAMPLES 

• ISOTHERMAL/DIRECTIONAL 
SOLIDIFICATION  CAPA- 
BILITY 

•_EL EJOB  ILITY/GRQWTH 

• TOP  OF  ENVELOPE 

• USE  25  KW 

• MULTIPLE  CHAMBERS/ 
SAMPLES 

,t_FLEXI  BILITY/GRQUTH 

• dOTTOM  OF  ENVELOPE 

• SINGLE  CHAMBER/SAMPLE 

• NO  SAMPLE  HANDLING  OR 
STORAGE 


SELECTED  • MULTIPLE  CHAMBERS/ 

25  KW  SAMPLES 

5.4x1  O^KWHRi*  ISOTHERMAL/OIRECTIONAL 
SOLIDIFICATION  CAPA- 
BILITY 

FI.  CXIBILITY/GRQWTH 


MAXIMUM 
122  KW 
'>-ju7kwhr 


TOP  OF  ENVELOPE 
SINGLE  CHAMBER/SAMPLE 
NO  SAMPLE  HANDLING  OR 
STORAGE 


15/120 


5/30 


5/30 


0.25/1 


10/30 


15/120 


190 


10* 

20** 


NONE 


10* 

20** 

0.5 


10* 

20** 


TOTAL 

MISSION 


25/10 


25/10 


NONE 


25 


25 


18 


12 


24 


1 .5 


5.0x10' 


2.6x10 


5.2x10 


0.75 


25  (5.4x10 


22 


6.2x10 


'ISOTHERMAL 


DIRECTIONAL  SOLIDIFICATION 


SINGLE 

SAMPLE 


300 


500 


SINGLE 

SAMPLE 


300 


SINGLE 

SAMPLE 


MINIMUM 


FULL 


FULL 


MINIMUM 


FULL 


FULL 


Advanced  Solidification  Experiment  System 


'■  ¥ Wl 


• : * t*  ' 


33.1"  ^ JJW.  ■ 


ISOTHERMAL 

DIRECTIONAL  SOLIDIFICATION 

ISSUED 

REQUIREMENTS 

ISSUES 

REQUIREMENTS 

• HEAT-UP 

9 ISOTHERMAL  UP  TO 
200°C  TO  2500°C 

9 HEAT-UP 

9 ISOTHERMAL  UP  TO 
500^  TO  25QO',C 

• SOAK 

9 ISOTHERMAL  AT  200°C  TO 
?500°C 

9 SOAK 

9 ISOTHERMAL  AT  500°C 
TO  2600"C 

• COOL  DOWN 

9 < 1000°C/MIN 

9 COOL  DOWN 

9 1 000°C/MI N 

• TEMPERATURE 
UNIFORMITY 

9 ISOTHERMAL  + 0.05%  OF 
TEMPERATURE  LEVEL,  OURING 
QUENCH  AXIAL  TEMPERATURE 
UNIFORMITY  * 0.25°C/CI! 

9 TEMPERATURE 
UNIFORMITY 

9 ISOTHERMAL  ♦ 0.05".  OF 
TEMPERATURE  LEVEL 

• THERMAL  GRADIENT 

9 NONE 

9 THERMAL  GRADIENT 

9 1 50°C/CM  TO  500°C/CM 

9 "g"  LEVEL 

9 < 10-5 

9 "g"  LEVEL 

9 < I o"5 

• ENVIRONMENT 

9 VACUUM  OR  GAS 

9 ENVIRONMENT 

9 VACUUM  OR  GAS 

• PROCESS  RATE 

9 0.05  CM/HR  TO  25  CM/HR 

9 PROCESS  RATE 

9 SEMICONDUCTORS 

0.04  TO  40  CM/HR  BRIDGMAN 
5 TO  20  C*7H?.  CZOCHRALSKI 
SINGLE  CRYSTAL  OXIDES 
0.02  TO  C.I  CM/HR  BRIDGMAN 
0.1  TO  O.E  CM/ HR  CZOCHRALSKI 

9 SAMPLE  SIZE 

9 RESEARCH:  0.5-5CM  DIAMETER 

1 TO  30  CM  LENGTH 
COMMERCIAL:  0.5-5CM  DIAMETER 

1 TO  30  CM  LENGTH 

9 SAMPLE  SIZE 

9 RESEARCH:  0.5-5CM  DIAMETER 
1 TO  25  LENGTH 
COMMERCIAL:  5-15  DIAMETER 

25-20  LENGTH 

• SAMPLE  STORAGE 

9 <-  50° C 

9 SAMPLE  SIZE 

9 <_  50°C 

o o 

-n  ^ 

T3  § 
02 
o 5 

r“ 
rO  TS 

c R 
> ft 

T t1-* 


3 


Ci-3 


Process  Requirements  Advanced  Solidification  Experiment  Sy * ‘ °m 
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process/sample  parameters 


n ncn 


RANGE:  1 


?ANGE 


RANGE 


tdle  {*0  l mu  J 8 

CtCdCt  |M*if(iQnl  8. 

CulnSf  (HUMUS  BIS  1*8)  >0 
C*Sh  |»!t  Hiu  |#B%)  U 
Oj*i  (hi  IMS  01  M *er .|)  i; 
UlnSb  <»  D II  MU  ) I ) 

Ulnle  l«  D (Hill)  U 


' | M | r f.N'Hlf  T0B$ 

OjP  (H(  Ui  S S'  SI8BCH)  " 

c»  (*  o i mu  >* 

|n',b  ilM  IIII  l**S) 

JnP  (H|  IMS  »fSI*0{H)  ’8 

H<jfdlP  |H|I  Hilt}  1 ^ 

H-jfdlp  -Hi',0  -ASIC)  ?0 

si  (CBisui  rj 


MATER IALSZSQURCES 
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A'lv.inrpd  Solidification  fxpprimnnf 


niror  t innal  Sol  id  i f i f t 1 on 


weight/volume 


MINIMUM 
800  Kg 

3.2M3 

SELECTED 
2000  Kg 

6.3M3 


\9  BOTTOM  OF  ENVELOPE 

• SINGLE  CHAMBER/SAMPLE 

• NO  SAMPLE  HANDLING 

OR  STORAGE 

• MULTIPLE  CHAMBERS/ 
SAMPLES 

• MINIMUM  PROCESSING  TIME 

• FLEXIBILITY /GROWTH 


1 


2 


MAXIMUM  • TOP  OF  ENVELOPE 
2300  Kg  • USE  40  KW 

3y  U MINIMUM  PROCESSING  TIME 
7*2M  U FLEXIBILITY/GROWTH 


O' 

UJ 


o 


MINIMUM 
25  KW  ? 
A.RxlOTWH- 


^ ] SELECTED 

> * KW 
O I 1 D r'W  A 

n:  5.4x10  KWIR 

UJ 


BOTTOM  OF  ENVELOPE 
SINGLE  CHAMBF.R/SAMPLE 
NO  SAMPLE  HANDLING  OR 

■SiOMGE 

I MULTIPLE  CHAMBERS/ 
SAMPLES 

» MINIMUM  PROCESSING  TIME 
» FL E X l R I LI TY/ GROWTH 


UJ 


MAXIMUM 
40KW  r ) 
2.3x1  OT.WIPf 


• TOP  OF  ENVELOPE 
SINGLE  CHAMBER/SAMPLE 

• NO  SAMPLE  HANDLING 

OR  STORAGE 


c 

RATIONALE 


-Q  (j) 

o 2 

O 9 
73  F 


* *a\  A 


% \X\  ^ 

h — n totaJ 


\ uO  x VU 


15/120  MISSION  NONE  2.5  4.8xlOZ 


190  25/10  20  4.3x10  50 


190  25/10  40  8.5x10  100 


0.5/2. 5 190 


5.5/30  190 


20  5600 


NONE  2.5  4.8xl02  MINIMUM 


5.4x10  50 


, , nn5  SINGLE 
“ ■ 3x  0 SAMPLE  full 


Directional  Solidification  System 


process/sample  parameters 


RANGE 


RANGE  I 15  cm 


?ANGE 


RANGE 


MATERIALS/SOURCES. 


CdTn  (A  D llttW)  » 

CtMO  (STA»lflPO)  9 

CulnS*  <«"ir.K»  S BfS  B »B  ) '0 
Sir  (Ml  Bill  BARS)  n 

a*  {»n«is  i? 
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CO*  POSH  15-  At  10*5 
A1  - In  (GtlUS  ASSOC) 

BtNn  (GP'jtoUN) 
rr-Cu  (GtlUS  ASSOC) 
RIC*H  RASIO  SUBIRAUOTS 
( INCO) 

CfNlMl  (WPS/St ) 


fl  • B«  SI  ARCH 


High  Gradient  Direction,!]  Solidification  System  Source  Data 


.t 


21 CD— CO 


ISOTHERMAL  PROCESS 


INSULATION 

N 


PROCESS 
{/  CHAMBER 


MODERATE  POWER 
MOOERATE  TO  LONG  DURATIONS 
MODERATE  TO  HIGH  ENERGY 
MODERATE  SAMPLES 


GRADIENT 

• HIGH  POWER 

« LONG  DURATION 

• HIGH  ENERGY 

• SMALL  SAMPLES 


POWER 


WPS  PROCESS  THERMAL  MODELS 

GRADIENT  PROCESSES 


SAMPLE 


' HEAT 
•J 


CONTACTLESS  PROCESSES 


O HIGH  POWER 
« uONG  DURATION 

• HIGH  CNEnGY 

• MODERATE  SAMPLES 


'HIGH  POWER 
SHORT  DURATION 
LOW  ENERGY 


POWER 


DIFFUSION  PROCESSES 


SATURATED  SOLUTION 


HOT 


CRYSTAL 

COOL 


• LOW  POWER 

• LONG  DURATIONS 

• LOW  ENERGY 

• MODERATE  SAMPLE 


POWER 


eiG  SAMPLE 

i 


TEMPERATURE  — 


BIOLOGICAL  SEPARATION  PROCESSES 


HEAT 


• MODERATE  POWER 
(MUST  REFRIGERATCI 

• SHORT  DURATION 

• MODERATE  ENERGY 

• MODERATE  SAMPLE 


POWER 


/ 


ORIGIN  - ? 
OF  POOR  Q - 


PAYLOAD  SYSTEM 

ASES  (I)  ADVANCED  SOLIDIFICATION  EXPERIMENT  SYSTEM  (ISOTHERMAL) 

ASES  (D)  ADVANCED  SOLIDIFICATION  EXPERIMENT  SYSTEM  (DIRECTIONAL) 

HGD  HIGH  GRADIENT  DIRECTIONAL  SOLIDIFICATION 

FZ  FLOAT  ZONE 

Cp  CONTAINERLESS  PROCESSORS  (ACOUSTIC,  ELECTROMAGNETIC,  OR  ELECTROSTATIC) 

SCG  SOLUTION  CRYSTAL  GROWTH 

VCG  VAPOR  CRYSTAL  GROWTH 


BIO 


B IOLOGI CALS 
Power , 


Time  Envelopes  for  Single  Processors 


Advanced  Processors 


V 


'S 


I*? 


2381  7b 


MATERIALS  processing  ini  spapf 
SYSTEM-DRIVING  REQUIREMENTS 
DERIVED  FROM  BASIC  PROCESSED 


ACCELERATION  - 10~4g  - 10'5g  ALL  PROCESSES  (PARTICULARLY  SOLUTION  CRYSTAL  GROWTH) 
MOTION  - ZERO  ROTATION  FOR  LIQUID  PHASE  PROCESSES 
TIME  - SOLUTION  CRYSTAL  GROWTH  (UP  TO  30  DAYS) 

CULTURE  GROWTH  (TYPICALLY  10-26  DAYS) 

/ 

ZONE  GROWTH  (7  - 30  DAYS)  oo 

■n  2 

LIFE  SUPPORT  - PHARMACEUTICALS  4°C  - 37°C  o § 

CONTAMINATION  ENVIRONMENT  - SPACE  VACUUM  RESEARCH  FACILITY  n 

(106  MOLECULES/CM2/SEC)  f : 

VACUUM  THROUGH-PUT  - 10  MICRON  LITERS/SEC 
POWER  - CONTAINERLESS  PROCESSING  (TYPICALLY  10-20  KW) 

ENERGY  - ZONE  REFINING  (TYPICALLY  100  KW  HOURS  PER  RUN) 

WEIGHT  & VOLUME  - NUMBER  OF  SPECIMENS  TO  ACHIEVE  COST  GOAL  $30-50K  PER  SAMPLE 
$30K-$50K  EXPERIMENT  FOR  COMMERCIAL  APPLICATION 
ORBIT  ALTITUDE  AND  INCLINATION  - ANY 


f 


SOME  CONCLUSIONS 


i PRESENTATION  DRAWN  FROM  CURRENT  THRUST  OF  MPS  PROCRAM  — 

OTHER  POSSIBILITIES  MAY  EXIST,  FOR  EXAMPLE: 

- VACUUM  CAPABILITIES 

- MAKING  DEVICES  IN  SPACE 

• STRONGLY  URGE  THAT  STUDY  TEAMS  INVOLVE  MATERIALS  SCIENTISTS 

e MPS  IS  CURRENTLY  AN  INFANT  SCIENCE  WITH  AN  ALMOST  NON-EX I STANT 
TECHNOLOGY  - POTENTIAL  FOR  COMMERCIALIZATION  IS  HIGH,  BUT  NOT 

WELL  UNDERSTOOD 

• COST  OF  MPS  PROCESSING  EQUIPMENT  IS  VERY  HIGH  — HOW  CAN 
THIS  BE  REDUCED? 

• MECHANISMS  EXIST  FOR  ENCOURAGING  PRIVATE  SECTOR  PARTICIPATION  - 
CAN  THESE  BE  IMPROVED? 


/ 


OF  PO 


APPLICATION  OF  SPACE  STATION  TO 
COMMERCIAL  COMMUNICATION  SATELLITE 

JAMES  RAMLER 


PREPARED  FOR 

SPACE  STATION  ORIENTATION  BRIEFING 
NASA  HEADQUARTERS 
WASHINGTON,  D.C. 


SEPTEMBER  14-15,  198? 
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NASA 

Lewis  Research  Center 
SPACE  DIRECTORATE 


APPLICATIONS  OF  SPACE  STATION  TO 
COMMERCIAL  COMMUNICATION  SATELLITES 


Date  SEPTEMBER  1982 

Page_2 


OUTLINE 


o OVERVIEW  OF  COMMERCIAL  COMMUNICATION  SATELLITES 

o o 

t;  ~ * 
T £ 

a 

o SPACE  STATION  APPLICATION  CONSIDERATIONS 

f'.  - > 


0 OBSERVATIONS 


IMASA 

Lewis  Research  Center 
SPACE  DIRECTORATE 


TYPES  OF  COMMUNICATIONS  SATELLITES 
BY  SERVICE  CATEGORIES 


Date 

Page 


SEPTEMBER  1982 

3 


FIXFD  SERVICE 

TRUNKING  - WIDEBAND  (ONE  TO  ONE  OR  FEW) 

DISTRIBUTION  - WIDEBAND  (ONE  TO  MANY) 

PRIVATE  NETWORK  - WIDE  AND/OR  NARROWBAND  (ONE  TO  ONE  OR  MANY) 


BROADCAST 


DIRECT  TO  HOME  - WIDEBAND  (ONE  TO  MANY) 
DIRECT  TO  HOME  - NARROWBAND  (ONE  TO  MANY) 


mobile/tranGportable 

MARITIME  - WIDE  OR  NARROWBAND 
AERONAUTICAL  - WIDE  OR  NARROWBAND 
LAND  - WIDE  OR  NARROWBAND 


o 

-n 
“O 

o 
o 

70  f 

o -a 
c s* 


> 

r~ 


O 

X 

2 

21 


Some  pictures  and  cartoons  here  to  illustrate  types  of  service  and  satellite 
types--quick  flipthrough 


Double  projection  will  be  available. 
These  will  not  be  included  in  hand-out. 


Vu-Graph 

]'  Trunking  Network  Service  Cartoon  (color) 

Distributed  Television  Cartoon  (color) 

3'  Satcom  Satellite  (artist  concept  - color) 

(Example  of  state-of-art  satellite  in  Delta  class  which  provides 
trunking  and  distributed  TV) 

**  Intelsat  V Satellite  (photo  - color) 

(Example  of  state-of-art  satellite  in  Centaur  class) 

’*  Private  Network  Service  Cartoon  (color) 

>•  SBS  Satellite  (artist  concept  - color) 

(Example  of  state-of-art  satellite  providing  private  network 
service) 

Direct  Broadcast  Service  Cartoon  (color) 

Mobile  Satellite  Service  Cartoon  (color) 


1. 1 1 


•r 


NASA 

Lewis  Research  Center 
SPACE  DIRECTORATE 


NORTH  AMERICAN 

COMMERCIAL  COMMUNICATION  SATELLITES 
FILED  SERVICE 


Date  SEPTEMBER  198 

Page_Ji 


SATELLITE 

ANIK  (A1-A3,B,C1,D1) 
COMSTAR  (Dl-M) 
SATCOM  (1,2,3R,4) 

SBS 


SATELLITES  IN  ORBIT 
NUMBER  SUPPLIER(S) 

6 HUGHES,  RCA,  SPAR 
4 TRW 

4 RCA-ASTRO 

2 HUGHES 


OWNER/OPERATOR 
TELESAT  CANADA 
COMSAT  GENERAL 
RCA-AMERICOM 

SATELLITE  BUSINESS  SYSTEMS 


o 

■ti 

"O 

o 
o 

70 

O T? 
a 3* 

> a 

r~  n 


O 

70 

£ 

25 

3» 

r* 


WESTAR  ( I-V) 


21 


HUGHES 


WU/AMSAT/CONTEL 


CM 
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NASA 

Lewis  Research  Center 

NORTH  AMERICAN 

COMMERCIAL  COMMUNICATION  SATELLITES 
FIXED  SERVICE 

Data  _ 

SEPTEMBER  1982 

Paae_ 

5 _ 

SPACE  DIRECTORATE 

1 I 

ADDITIONAL  SATELLITES  PLANNED 


SATELLITE 

NUMBER 

SUPPLIER 

OWNER/OPERATOR 

ALASCOM  (SATCOM  5) 

1 

RCA-ASTRO 

ALASCOM  INC. 

ANIK  (C2,C3,D2) 

3 

HUGHES,  SPAR 

TELESAT  CANADA 

GALAXY 

2 

HUGHES 

HUGHES  COMMUNICATION 

G-STAK 

2 

RCA-ASTRO 

GTE 

SA1  COL! 

5 

RCA-ASTRO 

RCA-AhERICOM 

SATmEX 

2 

TBD 

MEXICAN  GOVERNMENT 

S Bb 

2 

HUGHES 

SATELLITE  BUSINESS  SYSTEMS 

SPACENET 

3 

TBD 

SOUTHERN  PACIFIC  COMM. 

TELSTAR 

3 

TBD 

AT&T 

WESTAR 

1 

HUGHES 

WU/AMSAT/CONTEL 

ADVANCED  WESTAR 

2 

TRW 

WU/AMS AT/CON  ILL 

USAT 

2 

TBD 

U.S.  SATELLITE  SYSTEMS 

ABC 

2 

TBD 

ADVANCED  BUSINESS  COMM. 

RBI 

2 

TBD 

RAINBOW  SATELLITE  INC. 

AMS  AT 

3 

TBD 

AMERICAN  SATELLITE 

WESTERN  UNION 

3 

TBD 

WESTERN  UNION  TELEGRAPH 

RCA 

_3 

RCA-ASTRO 

RCA-AMER ICOM 

fWNSA 

Lewis  Research  Center 
SPACE  DIRECTORATE 

NORTH  AMERICAN 

COMMERCIAL  COMMUNICATION  SATELLITES 
DIRECT  BROADCAST  SERVICE 

Date  . 
Page. 

SEPTEMBER  1982 
6 

• 

SATELLITE 

DBSC 

RCA 

WU 

CBS 

GSC 

STC 

USSB 

VSS 


SATELLITES  PLANNED 


(APPLICATIONS  ACCEPTED  BY  hCC  FOR  LICENSING) 


NUMBER 


3 

4 

4 

2 

4 

2 

_2 

25 


SUPPLIER 


TBD 

RCA-ASTRO 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 


QWNER/OPERATOR 


DIRECT  BROADCAST 
SATELLITE  CORPORATION 
RCA-AMERICOM 

WESTERN  UNION  TELEGRAPH  CO. 
COLUMBIA  BROADCASTING 
SYSTEM,  INC. 

GRAPHIC  SCANNING  CORP. 
SATELLITE  TELEVISION  CORP. 
UNITED  STATES  SATELLITE 
BROADCASTING  CORPORATION 
VIDEO  SATELLITE  SYSTEnS,  INC. 


o 

Tl 

no 

o 

o 

33 

O 

c: 

> 
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O 

30 
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fWNSA 

Lewis  Research  Center 


INTERNATIONAL 

COMMERCIAL  COMMUNICATION  SATELLITES 


Date  SEPTEMBER  1982 


SPACE  DIRECTORATE 


FIXED  SERVICE 


Page 7 


SATELLITE 

NUMBER 

SUPPLIER 

OWNER/OPLRATOR 

IN-ORBIT 

INTELSAT  IV 

7 

HUGHES 

' INTELSAT 

INTELSAT  IV-A 

6 

HUGHES 

INTELSAT 

INTELSAT  V 

9 

FORD  AEROSPACE 

INTELSAT 

INTELSAT  V-A 

_5 

17 

FORD  AEROSPACE 

INTELSAT 

PLANNED 

INTELSAT  V-A 

1 

FORD  AEROSPACE 

INTELSAT 

INTELSAT  VI 

16 

17 

HUGHES 

INTELSAT 

/ 


BaMETS,  ' -If  ^ ^ (*•*’  ' 


- ■> 
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NASA 

Lewis  Research  Center 
SPACE  DIRECTORATE 


FOREIGN  COMMERCIAL  COMMUNICATION  SATELLITES 
F I XED/BKOADCAST  SER V I CE 


Date 

Page 


SEPTEMBER  1982 
8 


SA1ELL1TE 


NUMbER  SUPPLIER(S) 


OWNER/OPERATQR 


IN-ORBIT 

ITALSAT/SIRCAL  3 
MARECS  2 
MAR  I SAT  2 
OTS/ECS  1 
PALAPA  (A  SERIES)  2 
INSAT  1 
JAPAN  BS  1 


12 


CNA 

BAe 

HUGHES 

HAWKER  SIDDELEY 
HUGHES 
FORD  . 
TOSHIBA/GE 


ITALIAN  GOVERNMENT 
EUROPEAN  SPACE  AGENCY 
COMSAT  GENERAL  AND  INMARSAT 
EUROPEAN  SPACE  AGENCY 
INDONESIAN  GOVERNMENT/PERUMTEL 
INDIAN  GOVERNMENT 
JAPANESE  GOVERNMENT 


PLANNED 

ARABSAT  2 
BRAZILS AT  2 
FRANCE  TELECOM  2 
JAPAN  CS  2 
MARECS  5 
PALAPA  (b  SERIES)  2 
SATCOL  2 
INSAT  2 
AUSSAT  3 


22 


AEROSPATIALE/FORD 

SPAR/HUGHES 

MATRA 

MITSUBISHI/FORD 

BAe 

HUGHES 

TBD 

FORD 

HUGHES 


ARAB  SAT  COMMUNICATIONS  CONSORTIUM 
BRAZILIAN  GOVERNMENT  (EMBRATEL) 
FRENCH  GOVERNMENT 
JAPANESE  GOVERNMENT 
EUROPEAN  SPACE  AGENCY 
INDONESIAN  GOVERNMENT/PERUMTER 
COLUMBIAN  GOVERNMENT 
INDIAN  GOVERNMENT 
AUSTRALIAN  GOVERNMENT 


OF  POOR  QO 


■ w w#  t 

Lewis  Research  Center 

SPACE  DIRECTORATE 


U.S.  DOMESTIC  COMMUNICATIONS  SATELLITE 
DEMAND  AND  SUPPLY 


10,000 


REVISED  CAPACITY  LIMIT 
C AND  Ku-BAND  DOMSATS 
PLUS  Ka-BAND  DOMSATS 


1,000 


EQUIVALENT 
36  MHz 
TRANSPONDERS 


SUPPLY 


REVISED 


ORIGINAL- 


CAPACITY  LIMIT  OF 
C AND  Ku-BAND  DOMSATS 


<— ORIGINAL  DEMAND  ESTIMATE  (1978) 


REVISED  DEMAND  ESTIMATE  (1980) 


1975  1980  1985  1990  1995  2000 


"'V 


V*  ^ 


* 


T-  •”  *5^  **' 
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fUASA 

Lewis  Research  Center 
SPACE  DIRECTORATE 


FORECAST  MARKET  FOR 
COMMERCIAL  COMMUNICATION  SATELLITES 
(NEW  AND  REPLACEMENT/  1990  - 2000) 


Date  SEPTEMBER  1982 

Page  10 


FIXED  SERVICE 

BROADCAST 

TOTAL 

SATELLITES 

SATELLITES 

SATELLITES 

U.S. 

~ 70(1) 

15-40(2) 

85-110 

FOREIGN 

— j)0(1) 

10-15(1) 

50-55 

TOTAL 

-110 

25-55 

135-165 

(1)  Worldv/ide  Satellite  Market  Demand  Forecast,  Western  Union 


(?)  FCC  RARC  83  Advisory  Committee 


ORIGINAL.  FT. 
OF  POOR  QU 
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NASA 

POTENTIAL  APPLICATIONS  OF  SPACE  STATION  TO 
COMMERCIAL  COMMUNICATION  SATELLITES 

Date  SEPTEMBER  1982 

Lewis  Research  Center 
SPACE  DIRECTORATE 

Page_il 

TECHNOLOGY  EXPER IMENTS/DEVELOPMENT 


o EXAMPLES 

TESTS  ASSOCIATED  WITH  REPAIR,  SERVICING  AND  REFURBISHMENT  OF  SATELLITES 
INTERSATELLITE  LINK  SYSTEM  TESTS 

INITIAL  LAUNCH  OF  SATELLITE 


0 CHECKOUT/ASSEMBLY  IN  LEO 

o HATING  TO  SPACE-BASED  OTV  .§  :9 

*n  • 
C ■ 

REPAIR,  SERVICING  AND  REFURBISHMENT  9 

O - ■ 

t_  - V 


o IN  GEO 
o RETURN  TO  LEO 


NASA 

POSSIBLE  TECHNOLOGY  EXPERIMENTS/TESTS  IN  LEO 

Date  SEPTEMBER  1982 

Lewis  Research  Center 

SPACE  DIRECTORATE 

Paqe  12 

0 07V  APPKOACH  AND  DOCKING  TO  COMMUNICATION  SATELLITE 
0 REMOTE  MANIPULATOR  OR  MANUAL  WORK  STATION  APPROACH  AND  DOCKING 
0 TESTS  OF  EQUIPMENT,  TOOLS,  FLUID  TRANSFER  SYSTEMS,  ETC. 

o 

0 REPAIR,  SERVICING,  REFURBISHMENT  OPERATIONS  TESTS  ^ 

o 

o 

0 TESTS  OF  SATELLITE  DEACTIVATION,  STABILIZATION,  RESTOWING,  ETC.  o 

CJ 

0 MULTIPLE  COMMUNICATION  PAYLOAD-GEO  PLATFORM  TESTS  (ALL  OF  ABOVE) 


ORIGIN 


I'Ll  "I 


■pppippppppr 
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Lewis  Research  Center 


SPACE  DIRECTORATE 


CHECK0U1 /ASSEMBLY  IN  LEO  CONSIDERATIONS 


Date  SEPTET  - 1982 


Page. 
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0 COMMUNICATION  SATELLITES  FOR  FIXED  AND  BROADCAST  SERVICE  ARE  LIKELY  TO 
REMAIN  "CONVENTIONAL"  FOR  FORESEEABLE  FUTURE 

— AVERAGE  SIZE  WILL  GROW  BUT  LFSS  THAN  FULL  SHUTTLE  LAUNCH 

— DESIGN  REDUNDANCY  AND  GROUND  NESTING  WILL  LIKELY  REMAIN  AT  TODAY’S  LEVEL 
EVEN  WITH  IN-ORBIT  SERVICING  AND  REPAIR 

— LIFETIME  WILL  GROW  WITH  TECHNOLOGICAL  IMPROVEMENTS;  10  YEARS  IS 
STATE -OF -ART 

— NO  EXTREMELY  LARGE  ANTENNAS  (PERHAPS  30  FEET  MAXIMUM  DIAMETER) 

o COMMUNICATION  SATELLITES  FOR  NARROWBAND  BROADCAST  OR  MOBILE  SERVICE  WILL  BE 
"UNCONVENTIONAL" 


o o 


I 

& 


— SUE  REQUIRES  FULL  SHUTTLE  LOAD  OR  LARGER 

- DESIGN  DOMINATED  BY  LARGE  ANTENNA  (S0-200  M) 

— LARGE  POWER  SYSTEM  (10-20  KW  ARRAY) 


r • 


IW\SA 
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o CHECKOUT  IN  LEO  OF  "CONVENTIONAL"  SATELLITES  FOR  FIXED  AND  BROADCAST 
SERVICE  DOES  NOT  APPEAR  ADVANTAGEOUS  OR  DESIRABLE  TO  INDUSTRY 

o SATELLITES  FOR  NARROWBAND  BROADCAST  OR  MOBILE  HAY  OFFER  OPPORTUNITY  FOR  LEO 
CHECKOUT  AND  PERHAPS  ASSEMBLY  DUE  TO  EXTREMELY  LARGE  STRUCTURE 

o SPACE-BASED  OTV  WOULD  OFFER  OPPORTUNITY  TO  INCREASE  COMMUNICATION  SATELLITE 
TRAFFIC  TO  SPACE  STATION 

0 ECONOMICS  AND  RISK  IS  PARAMOUNT  (AS  PERCEIVED  BY  OWNERS/OPERATORS/BUILDERS) 

— IMPACTS  ON  SATELLITE  DESIGN  AND  COST 

— COST  OF  CHECKOUT/ASSEMBLY 

— BENEFITS  VERSUS  COSTS 

— RISKS 


Artist  concepts  of  mobile-satellite  and  narrowband  direct  broadcast  satellite 
will  be  shown  here  to  illustrate  the  large  structure 


Vu -graph 

1.  Mobile-Satellite  Configuration  (color) 

2.  Narrowband  Oirect  Broadcast  Configuration  (color) 
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DONE  IN  GEO  (UNMANNED) 


— OTV  TRANSPORTS  EQUIPMENT,  TOOLS,  REPLACEMENT  PARTS,  FLUIDS,  REMOTE 
TELEOPERATED  SYSTEM 

— OTV  RENDEVOUS  WITH  SATELLITE 

— SATELLITE  DEACTIVATED  AND  STABILIZED 

— REMOTE  TELEOPERATED  SYSTEM  CAPTURES  AND  DOCKS  WITH  SATELLITE 

— SATELLITE  DESIGN  MUST  ACCOMMODATE 

DONE  IN  LEO  (MANNED  OR  UNMANNED) 

— OTV  RENDEVOUS,  APPROACH,  CAPTURE,  DOCK  WITH  SATELLITE  AND  RETURN  TO  LEO 

— MEN  AND  EQUIPMENT/TOOLS  AVAILABLE  IN  LEO— SHOULD  SIMPLIFY  OPERATIONS  AND 
COMPLEXITY/SOPHISTICATION  OF  REMOTE  CONTROL  EQUIPMENT 

— MUCH  OF  EQUIPMENT/TOOLS  REQUIRED  IN  LEO  ALREADY  DEVELOPED  OR  WILL  BE 
DEVELOPED  IN  SHUTTLE  PROGRAM 

— REQUIREMENTS  ON  SATELLITE  DEACTIVATION,  ETC.,  APPEAR  TO  BE  SIMILAR  TO 
SERVICING  IN  GEO 

— REPLACEMENT  PARTS  AND  SUPPLIES  DON'T  NEED  TRANSPORT  TO  GEO 


ORIGINAL  FAt-E 
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KEPAIR,  SERVICING,  REFURBISHMENT  ISSUES 
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o IS  IT  FEASIBLE? 

— IMPACTS  ON  SATELLITE  DESIGN 

— IMPACTS  ON  COMMUNICATION  SERVICES 

— IMPACTS  ON  OTV  DESIGN 

— EQUIPMENT,  TOOLS,  CONTAINERS,  ETC.,  REQUIRED 
--  OPERATIONAL  COSTS 

— RISKS  , 

o LEO  VERSUS  GEO  kEPAIR  NEEDS  CAREFUL  STUDY 

0 WHAT  UNIQUE  CAPABILITIES  TO  SUPPORT  REPAIR,  SERVICING,  REFURBISHMENT  WILL 
SPACE  STATION  OFFER  OVER  SHUTTLE? 

o WOULD  SATELLITE  OWNER/OPERATORS  DO  IT? 

— PERCEIVED  BENEFIT  VERSUS  COST 

— PERCEIVED  RISK 


0 ECONOMICS  AND  RISK  AS  PERCEIVED  BY  SATELLITE  OWNER/OPERATORS  WILL  BE 
PARAMOUNT  IN  DETERMINING  SPACE  STATION  REQUIREMENTS  FOR  SUPPORTING 
COMMERCIAL  COMMUNICATION  SATELLITES. 

0 VALUE  TO  INDUSTRY  OF  LEO  CHECKOUT  OF  "CONVENTIONAL"  FIXED  SERVICE  AND 
bkOADCASl  SATELLITES  HAS  NOT  BEEN  ESTABLISHED. 

0 POTENTIAL  NARROWBAND  MOBILE  AND  BROADCAST  SATELLITES  USING  EXTREMELY  LARGE 

ANTENNAS  AND  SOLAR  ARRAYS  OFFER  BEST  POTENTIAL  FOR  LEO  CHECKOUT  AND  PERHAPS 
ASSEMBLY. 

o SERVICE.  REPAIR  AND  REFURBISHMENT  OF  COMMUNICATION  SATELLITES,  PARTICULARLY 
THOSE  WITH  HIGH  INVESTMENT  COST  WOULD  APPEAR  TO  HAVE  MORE  POTENTIAL  THAN 
LEO  CHECKOUT— BUT  AGAIN,  FEASIBILITY  NEEDS  TO  BE  ESTABLISHED. 

0 TECHNOLOGY  EXPERIMENTS/TESTS  RELATIVE  TO  IN-ORBIT  CHECKOUT/ASSEMBLY, 

REPAIR,  SERVICING  OR  REFURBISHMENT  OF  SATELLITES  OFFER  A POTENTIAL 
APPLICATION  FOR  SPACE  STATION  SUPPORT. 

o IF  SPACE-BASED  OTV  IS  FEASIBLE,  IT  WOULD  APPEAR  TO  OFFER  BEST  OPPORTUNITY 
FOR  SPACE  STATION  SUPPORT  OF  COMMUNICATION  SATELLITES. 

o SPACE  station  advantages  for  supporting  these  activities  vis-a-vis  the 

SHUTTLE  NEED  Tu  BE  ESTABLISHED. 


Commercialization  Prospects 


for  Remote  Sensing 
from  a National  Space  Station 


WILBUR  ESKITE 


NOAA/NESS 
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If  Financial  Barriers  Could  be  Alleviated, 
Policy  Constraints  Could  be  Removed, 


Major  Remote  Sensing 
Disciplines 

Weather  and  Climate 

Oceanographic 

Land  and  Its  Resources 


N. 


WEATHER  AND  CLIMATE 

Commercialization  Considerations 


o Systems  Handled  Internationally  by  Governments 
o Free  International  Exchange  of  Data 
o Remote  Data  Handled  Like  All  Others 
o Long  History  of  Free  Exchange 

Questionable  Real  Commercial  Potential. 


-*-**•» 


Oceanographic 

Techniques,  Requirements  and  Needs 

o Present  and  Past  Techniques 
o Requirements 
o Unmet  Needs 


Oceanographic  Sensing 
Commercialization  Considerations 


o 

o 

o 

o 

0 


Limited  Availability  of  Remotely  Sensed  Data 
Initial  Primary  Use  by  Federal  Government  (NOAA/NAVY) 
Possible  Commercial  Fishery  Use  of  Color  Scanner 
Possible  Commercial  Use  of  SAR  (Sea  State  for- 
Navigation) 

Present  Commercial  Use  of  Gulf  Stream  Analysis 
(Shipping)  (Obtained  by  MetSats) 


Possible  Commercial  Use  is  Potentially  Large. 


Land  Sensing 


Renewable  Resources  Applications 

Non-Renewable  Resources  and  other  Geologic  Applications 
Other  Applications 


a -*  ■*»-*"*  - 


Land  and  Its  Resources 
Techniques,  Requirements  and  Needs 


o Techniques 
o Renewable  Resources 
Requirements 
Unmet  Needs 

o Non-Renewable  Resources 
Requirements 
Unmet  Needs 
o Other 

Requirements 
Unmet  Needs 


Land  Sensing  - Renewable  Resources 
Commercialization  Considerations 

o Major  User  - U.S,  Government  (Agriculture) 
o Possible  Commercial  Users 

1,  Forest  Management 

2,  Crop  Management 

3,  Water  Management 

4,  Disease  and  Insect  Detection 

5,  Commodity  Speculation 

Medium  to  High  Potential  Commercial  Use. 


Land  Sensing  Non-Renewable  Resources 
Commercialization  Considerations 

o Small  Government  Requirement 
o Possible  Commercial  Users 
Petroleum  Industry 
Mineral  Extraction  Industry 

High  Potential  Commercial  Use. 


Land  Sensing  - Other 
Commercialization  Considerations 


o Virgin  Areas 

Demographics 

Land  Use  and  Planning 

Etc. 

o Primarily  Commercial,  State  and  Local,  and 
International  Users 

Commercial  Potential  Depends  on  Major  Development 


Possible  Technique  Development  Required 
for  Space  Station  Utilization 


o Space  Repairable  Modular  Spacecraft 
o Low  Cost  Single  Purpose  Spacecraft 
o Tetherable  Spacecraft 


Role  of  Man  in  Space 
in  Remote  Sensing 

Spacecraft  Repair 
Targets  of  Opportunity 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 
0. 
1. 


NOAA  Polar  Orbiting  Satellite 
Typical  NOAA  Satellite  Product 
GOES  Geostationary  Satellite 
Typical  GOES  Satellite  Product 
SEASAT  Satellite 

Typical  SEASAT  Satellite  Product 
Typical  Coastal  Zone  Color  Scanner  Product 
LANDSAT  Satellite 

Typical  LANDSAT  MSS  Product  for  Agriculture 
Typical  LANDSAT  MSS  Product  for  Mineral  Exploration 
Typical  LANDSAT  TM  Product  for  Demographic  Purposes 


Ill  INTERNATIONAL  STUDIES 


E.  BRIAN  PRITCHARD,  MODERATOR 
SPACE  STATION  TASK  FORCE 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


i'A  PREPARATORY  PROGRAMME  FOR  LONG-TERM 
SPACE  TRANSPORTATION  SYSTEM 

OBJECTIVE  : PREPARE  DECISION  FOR  HID- 1980'S  ON  SPACE  TRANSPORTATION  SYSTEMS- 

ELEHENTS  BEYOND  ARIANE  IV  AND  SPACELAB/EURECA . 

3 THEMES  : . FUTURE  EUROPEAN  LAUNCHER 

EUROPEAN  IN-ORBIT  INFRASTRUCTURE 

CONTINUATION  OF  TRANSATLANTIC  COOPERATION  IN  FUTURE  U.S.  SPACE 
STATION  PROGRAMME. 


>TATUS  : OBJECTIVES  AND  CONTENTS  OF  PREPARATORY  PROGRAMME  AMONGST  INTERESTED 

EUROPEAN  MEMBER  STATES  AGREED  UPON.  FAVOURABLE  DECISION  ON  BUDGET  OF 
12  MAU  FOR  PERIOD  1983  - 1985  EXPECTED. 
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FUTURE  EUROPEAN  LAUNCHER 


OBJECTIVE  : PROVIDE  LAUNCH  CAPABILITY  THAT  MEETS  FORESEEABLE  EUROPEAN  REQUIREMENTS 

IN  COST-EFFECTIVE  MANNER, 


STUDIES  : SYSTEM  STUDY  WITH  INTERNATIONAL  EUROPEAN  STUDY  TEAM  UNDER  LEAD  OF  SNIAS 

UNDERWAY. 


DEFINE  LAUNCHER  CONCEPTS  BEYOND  AR-4,  IDENTIFY  CRITICAL  TECHNO- 
LOGIES AND  STUDY  SELECTED  CONCEPTS  IN  DETAIL. 


STUDY  ROCKET  ENGINES  FOR  FUTURE  LAUNCHER. 


HM60  WORK  PARTICIPATION. 
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EUROPEAN  IN-ORBIT  INFRASTRUCTURE  (inn 
AUTOMATED  LOW  EARTH  ORBIT  PLATFORMS  DERIVED  FROM  EURECA,  REQUIRING 
RENDEZ-VOUS  AND  DOCKING  CAPABILITY 
ROBOTICS/TELEMANIPULATION 
RESUPPLY/LOGISTICS  VEHICLES 
ULTIMATELY  RETURN  CAPABILITY 

TWO  IOI  STUDIES  UNDERWAY. 


CONTINUATION  IN  1983  FORESEEN. 


CONTINUATION  OF  TRANSATLANTIC  COOPERATION  IN  FUTURE  U.S. 

SPACE  STATION  PROGRAMME 


OBJECTIVE  : STUDY  REQUIREMENTS  FOR  UTILISATION,  CONTENTS  OF  POSSIBLE  EUROPEAN- 

PROVIDED  ELEMENTS  AND  CONDITIONS  OF  COOPERATION. 


STUDIES  : . STUDY  ON  EUROPEAN  UTILISATION  ASPECTS  OF  A U.S.  MANNED  SPACE- 

STATION  UNDERWAY  WITH  DFVLR  + EUROPEAN  INDUSTRY. 


PARTICIPATION  OF  EUROPEAN  INDUSTRY  TO  NASA  SPACE  STATION  STUDIES 
IN  PROCESS  OF  EVALUATION. 


PROGRAMME  OBJECTIVES  ( I ) 

o TO  PROVIDE  A PAYLOAD  CARRIER  WHICH  CAN  BE  SEPARATED  FROM  THE  SHUTTLE 

IN  ORBIT,  OPERATE  IN  A FREE-FLYING  MODE,  BE  RETRIEVED  TOGETHER  WITH  ITS 
PAYLOAD,  AND  BE  REUSED. 

A MICROGRAVITY  PAYLOAD  IS  PROPOSED  AS  PRIMARY  PAYLOAD,  WHICH  WILL 
INFLUENCE  THE  CARRIER  DESIGN  DUE  TO  ITS  HIGH  POWER  AND  LOW  ACCELERATION 
REQUIREMENTS. 

o TO  OFFER  THE  USERS  THE  COMBINED  ADVANTAGES  OF  SPACELAB  AND  A 
CONVENTIONAL  FREE-FLYING  SATELLITE  : 

- ADEQUATE  MASS-  AND  POWER  ALLOCATION 

- EXTENDED  OPERATION  TIME 

- OPTIMIZED  ORBIT 

- 'CLEAN'  ENVIRONMENT 

.-  GOOD  POINTING  ACCURACY  AND  STABILITY 
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EURECA  1(1: Y DATA  (MICROGRAVITY  MISS! ON) 

LAUNCI I/RETRIEVAL  BY  SHUTTLE  : PERIOD  EMD  1986/MID  19?>? 

ORBIT  : BEPLOYMENT/RETRIEVAL  300  KM,  28.5°  INCLINATION 

OPERATIONAL  500  KM,  20.5°  INCLINATION 

LIFETIME  (DECREASE  TO  300  KM  ALTITUDE)  LONGER  THAN  1/2  YEAR 

MISSION  DURATION  : TOTAL  6 MONTHS;  ACTIVE  EXPERIMENT  OPERATION  APPROX.  /,  MONTHS. 
OPERATIONAL  ALTITUDE  : SOLAR  INERTIAL 

MICROGRAVITY  CONDITIONS  FOR  EXPERIMENTS  : 10^  G 
PAYLOAD  MASS  : APPROX.  1000  KG 

PAYLOAD  LENGTH  : APPROX.  2000  MM,  INCLUDING  DYNAMIC  CLEARANCE  (P0SS1B1I  ITY  TO 
REDUCE  TO  1700  MM  UNDER  INVESTIGATION  TO  SAVE  MISSION  COST) 

S-BAND  TO  ESA  GROUND  STATIONS  DURING  MISSION  OPERATIONS 

I ROPULSION  SYSTEM  FOR  CHANGE  OF  ORBIT  ALTITUDE  AND  LIMITED  MANOEUVRE  CAPABILITY 
COLD  GAS  OR  REACTION  WHEEL  ATTITUDE  CONTROL  SYSTEM 
DEPLOYADLE/RETRACTADLE  SOLAR  ARRAYS 
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FINAL  APPROACH 
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SHUTTLE  II:  LAUNCH 


TRANSFER 


BERTHING 


MODEL  PAYLOAD 
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1 

EXPERIMENT/FACILITY 

MASS  (KG 

SIZE  (M) 

POWER 

i 

ll 

i 

MIRROR  HEATING  FACILITY 

^150  (?) 

^0 . BxO . 8x0 . 8 

Ce  500 

! 2 

SOLUTION  GROWTH  FACILITY 

<3^150 

*1 . 5x1 .0  0.5 

50 

i3 

PROTEIN  GROWTH  FACILITY 

^ 60 

s*0. 4x0. 6x02 

80 

I4 

MULTI  FURNACE  ASSEMBLY 

X 

X 

X 

; 5 

AUTOMATIC  GRADIENT  HEATING  FACILITY 

<^175 

5*1 . 0x0 . 9x0  . 5 

a.  800 

‘6 

1 

PLANT/PROTISTA  FACILITY  ' 

^ 100 

. 0x0 . 5x0 . 5' 

50 

j 7 

SOLAR  CONSTANT 

7 

0.5x0. 2x0.  Z\ 

5 

8 

SOLAR  SPECTRUM 

33 

1 

0.6x0. 4x0. 3. 

150 

9 

ELECTRIC  PROPULSION 

25 

0.9x0. 6x0. 4' 

I 

L 

400 

x DEPENDS  ON  NUMBER  OF  FURNACES 


LAUNCH  CONFIGURATION 


FLIGHT  AND  LAUNCH  CONFIGURATION  OF  E U R E C A BASED 
ON  THE  SPAS-STRUCTURE  (NBB) 
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TYPICAL  MASS  AND  POWER  BUDGET  FOR  E U R E C A 


HASS  BUDGET 

STRUCTURE  (PRIMARY  & SECONOARY) 

THERMAL  CONTROL 

POWER  ( I NCL . SA  & BATTERIES) 

DATA  HANDLING 

ATTITUDE  S ORBIT  CONTROL 

TELEMETRY/TELECOHMAND 

HARNESS 

MISCELLANEOUS  I/E  HARDWARE 


PLATFORM  DRY  WEIGHT 
IS  X SYSTEM  MARGIN 
PROPELLANT 
REFERENCE  PAYLOAD 


IQIH  uyNg^wugHT 


POWER  BUDGET 


570  KG 
205  KG 
350  KG 
20  KG 
200  KG 
20  KG 
150  KG 
50  KG 


1 565  KG 
235  KG 
465  KG 
1 295  KG 


3_56g3KQ 


EliPECA  SYSTEM 
SYSTEM  MARGIN  IOX 


MARGIN  AGAINST  RESTRUNG 
ST  ARRAY  FOR  FIRST  MISSION 

BOL  5300  W 
EOL  5000  W 

x Margin  during  sunlight  phase 
equivalent  to  about  300  W 
continuous 


ALL  LIQUID  LOGF 
COOLING 


AU  iTAT  PIPE 
TOOLING 


DAYLIGHT  | ECLIPSE  j j'AYjJ ©IT. 


THERMAL  CONTROL 

POWER  CONDITIONING 

DATA  HANDLING  & HOUSEKEEPING 

ORBIT  PROPULS lON/ATTITUDE  CONTROL 

TELEHETRY/TELECOMMAND 

HARNESS  LOSS 


CARRIER  SUBSYSTEM 
OATTERIE  CHARGING 
PAYLOAD  ALLOCATION 
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PROPOSED  PHASED  DEVELOPMENT  PLANNING  TOR  'EURIXA' 
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STATION  PROGRAM 

IQUNP 

I CANADA  HAS  A LONG  TRADITION  Of  INVOLVEMENT  IN  SPACE  ACTIVITY  AND  IN 
COOPERATIVE  PROGRAMS 

• COMMUNICATION? 

EARLY  BIRD 
INTELSAT  SERIES 
ANIK  SERIES 
SARSAT 
HERMES 
M SAT 

• REMOTE  SENSING 

LANDSAT 

SURSAT 

RADARSAT 

ERS-1 

• NAVIGATION 

AEROSAT 

ALOUETTE  1,  II 
ISIS  1,  II 

• TECHNOLOGY 
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• CANADA  HAS  AN  INTEREST  IN  DEVELOPING  BOTH  ASPECTS  ,N  THE  NEXT  PHASE  OF  THE 
EVOLUTION  AND  TECHNICAL  EXPLOITATION  OF  SPACE 

• SPACE  STATIONS  PERMANENTLY  IN  LOW  EARTH  ORBIT  ARE  CONSIDERED  TO  BE  THE  NEXT 

likely  major  development  in  the  exploitation  of  space 
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E VALHAT I nH  PHASE 

• A JOINT  GOVERNMENT  - INDUSTRY  STUDY  HAS  BEEN  INITIATED  TO  EVALUATE  THE 
BENEFITS  TO  CANADA  OF  PARTICIPATION  IN  PROGRAM(s)  FOR  THE  DEVELOPMENT  OF 
PERMANENT  SPACE  STATIONS  OR  PLATFORMS  IN  LOW  EARTH  ORBIT 

• STUDY  includes: 

• USER  REQUIREMENTS  DEFINITION 

• TECHNOLOGY  DEVELOPMENT  ASSESSMENT 

• COST/BENEFITS  ANALYSIS 

• ALTERNATIVES  ASSESSMENT 

• PARALLEL  STUDIES  MONITORING 


STUDY  START 
INTERIM  REPORT 
FINAL  REPORT 


AUG-  1982 
NOV.  1982 
JULY  1983 


■ ^ National  Research  Council  Conseil  national  de  recherches 

“ ‘ Canada  Canada  Space  Station  Briefing 

NASA  HQ. 
13  - 15  Sept.  '82 
Sheet  5 


USER  REQHIRFflFHTg 

9 IDENTIFY  POTENTIAL  USERS  AND  EXPECTED  BENEFITS  TO  USERS 

• INDUSTRIAL 

• SCIENTIFIC 
9 GOVERNMENT 

• ESTABLISH  USER  REQUIREMENTS 

• PREPARE  SUMMARY  REPORT 


■TECHNOLOGY  DEVELOPMENT  ASSESSMENT 

• ESTABLISH  TECHNOLOGY  AREAS  SUITABLE  FOR  CANADIAN  DEVELOPMENT 

• SPACE  MECHANISMS 

• SPACE  STRUCTURES 

• EARTH  SENSORS/SENSOR  SYSTEMS 

• SIMULATION  FACILITIES 


NalionaJ  Research  Council  Conseil  national  de  recherches 

Canada  Canada 


Space  Station  Briefing 
NASA  HQ. 
13  - 15  Sept.  *82 
Sheet  6 


C&ST/BENEF 1 T ANALYSIS 

• ESTABLISH  COST/BENEF.T  ANALYSES  FOR  VARI0US  LEVELS  OF  PART tC . PAT .ON 
AND  SPACE  STATION  USAGE 


ALTERNATIVE  Assessment 

• EVALUATE  ALTERNATIVES  TO  USE  OF  NASA  SPACE  STATION 
0 FREE  FLYERS 
0 ESA  SPACE  STATION 


PARALLEL  STUDIES  MONITORING 


• ENSURE  THAT  STUDIES  ARE  IN  SYNC  WITH 


STUDIES  BY  NASA  AND  ESA 
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MILESTONES 


Sept  1982 


August  31,  1982 

September  9,  1982 
October  21,  1982 
November  1982 

May  1983 


Special  Panel  for  Space  Station  was  organized  under 
Space  Activities  Comission  to  assess  national  plan 

1st  Meeting  of  Special  Panel  for  Space  Station 

Space  Station  Symposium 

Status  of  Japanese  study  is  presented  at  Standing 
Senior  Liaison  Group  Meeting  at  NASA  HQ 

Interim  report  on  basic  concept  of  national  plan 
WILL  BE  SUBMITTED  TO  SAC  BY  SPSS 


SuDervlsion  of  NASDA  Stud 


( NASDA  ) 


executive  Board 


i 

General  Study  (Task  Force) 


/ J J 


Office  ; Space  shuttle  Utilization  Dep. 


Observation  Communication 
field  field 


Space  Experiments  Common  space 
and  Relevant  Technology 

field  fIeld 


Space  Station's 
Elements 
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Satellite  System  Transportation  System 


SUPPORT  CONTRUCTORS 

MHI,  IHI,  KHI,  NM,  NEC/  MELCQ,  TOSHIBA,  NRI,  IRI 


AM$C>A  Study  Flow 


Of  PC 


ORI&INAL  PAG£  US 
OF  POOR  QUALITY 


MHI 


IHI 


KHI 


. NM 


NEC 


MELCO 


TOSHIBA 


SUPPORT  CONTRUCTORS  (TENTATIVE) 


Space 


field 


O 


O 


field 
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Technology  field 

Satellite 
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PROPOSAL  FOR  SPACE  STATION  MISSION 

September  1982 

Institute  of  Space  and  Astronautical  Science 


1.  Infrared  Interferometer  in  Space  (IRIS) 
Infrared  Observatory  in  Space  (IROS) 

2.  X-ray  Observatory 

3.  Composition  and  Nuclear  Interaction  of 
Heavy  Primaries  in  Cosmic  Rays 
Isotope  Separation  of  High  Energy 
Heavy  Primaries 

A,  Line  Gamma  Rays 

Gamma  Ray  Burst  Detection 

5.  Gravity  Wave  Detection  in  Space 

6.  Tether  Experiment 

7.  Advanced  SEPAC 


8.  Objectives  of  HETRAS/MIN IX 

9,  Collision  Protection  Radar  Experiment  (COPREX) 
Typical  Radar  Performance 

10.  Space  Agriculture  Experiment 

11.  Molecular  Beam  Graphoepitaxy  (MBGE) 

12.  Trial  Process  of  Amorphous  Si  Cell  for  SPS 

13.  MPD  Solar  Electric  Propulsion  Test 
1A.  Deployable  Solar  Array  Module 
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SPACE  STATION  STUDY  IN  NAL 


STUDIES  ON  SPACE  AGRICULTURE  AND  ECOLOGICAL  LIFE  SUPPORT  SYSTEM 

M I CROGRAVIT Y_RELEVANT  MATERIALS  SCIENCE  AND  TECHNOLOGY  OF  JAPAN 

MULTIPURPOSE  SOLAR  COLLECTOR 

REAL  TIME  REPORTING  SYSTEM  ON  OCEAN  CONDITIONS 

VIBRATION-FREE  BENCH  FOR  MICROGRAVITY  EXPERIMENTS 

SPACE  TEST  FACILITY  FOR  ELECTRIC  PROPULSION 

LINEAR  ACCELERATION  AS  A NEW  ORBIT  TRANSFER  VEHICLE  (OTV) 

NATIONAL  AEROSPACE  LABORATORY 

1880  JINDAIJI,  CHOFU,  TOKYO,  JAPAN 


III. 


d)  german  space  program  activities 


DR.  GOTTFRIED  GREGER 
BMFT 


GERMANY 


BMFT  -512-1 


MAIN  TOPICS  OF  THE  4*  GERMAN  SPACE  PROGRAM  1982  - 1986: 

- DEVELOPMENT  AND/OR  OPERATION  OF  ORBITAL  SYSTEMS: 

SPACELAB,  SPACE  PLATFORMS, 'ELEMENTS  OF  STATIONS 

- UTILIZATION  OF  THESE  TECHNOLOGIES  FOR  MICROGRAVITY  RESEARCH 
REMOTE  SENSING,  COMMUNICATION  AND  EXTRATERRESTRIAL  RESEARCH 

PROJECTS  ARE  REALIZED  OR  UNDER  PREPARATION 

- IN  THE  NATIONAL  PROGRAM, e.g.  TEXUS,  spAS>  MISSI0N  Q1  _ 

POWER  SYSTEMS  FOR  SPACE  PLATFORMS 

- IN  EUROPEAN  COOPERATION  e.g. 

SPACELAB,  EURECA,  STS-LONGTERM 


13.09.1982 


AND  APPLICATIONS 


ROSAT,  PROPULSION  MODULES 


PREPARATORY  PROGRAM 


13.09.1982 


BMFT  - 512  - 2 

FOR  SPACE  TRANSPORTATION  AND  ORBITAL  SYSTEMS  ACTIVITIES 

FRG  (LIKE  FRANCE  FOR  THE  DEVELOPMENT  OF  ARIANE  LAUNCHERS)  PUTS  SPECIAL  EMPHASIS 
ON  LEADERSHIP  FOR  THE  DEVELOPMENT  AND  UTILIZATION  OF  ORBITAL  SYSTEMS  BASED 
ON  REUSABLE  SYSTEMS  IN  CLOSE  EUROPEAN  AND  TRANSATLANTIC  COOPERATION 

GERMAN  FINANCIAL  ENGAGEMENT  IS  SUBSTANTIAL: 

ABOUT  100  Mio  DM  PER  YEAR  ARE  SPENT 

- WITHIN  THE  NATIONAL  PROGRAM  FOR  RELATED  PROJECTS  AS  WELL  AS 

- WITHIN  THE  ESA-PROGRAM;  FRG  IS  PARTICIPATING  IN  SPACELAB-DEVELOPMENT 

(64 , 78  %),  FSLP  (56,27  %) , EURECA  (44,00  %),  MICROGRAVITY  PROGRAM  (27,57  %), 
STS- LONGTERM-PROGRAM  PREPARATION  (UNDER  DISCUSSION) 


os-*n 


ShC-  s**  - 5, 


IMOMl 


BEITRAGE  DES  BMP  ZUM  * \T  UNO  DE5  BMV  ZU 
WETTER SATELLITENPROGRk.  .. , SIND  NCHT  ENTHALTI 


BMFT  - 512  - 4 


13.09.1982 


STS  LONGTERM  PROGRAM  PREPARATION 


WITHIN  THE  GERMAN  NATIONAL  PROGRAM  BASIC  SYSTEM  STUDIES,  TECHNICAL  DEFINITION  STUDY 
WORK  AND  EARLY  PROJECTS  ARE  UNDER  WAY 

- TO  COVER  SPECIAL  NEEDS  WITHIN  THE  CURRENT  GERMAN  NATIONAL  SPACE  PROGRAM 
TO  PROVIDE  NECESSARY  DECISION  ELEMENTS  FOR 

o THE  FUTURE  ORIENTATION  OF  THE  GERMAN  SPACE  PROGRAM 

O THE  EVALUATION  OF  THE  POTENTIAL  OF  INTERNATIONAL.  ESPECIALLY  TRANSATLANTIC  COOPERATION 
o THE  ASSESSMENT  OF  AN  APPROPRIATE  GERMAN  PARTICIPATION  IN  FUTURE  ESA  PROGRAMS 


- rf  • 


BMFT  - 512  - 5 


13.09.1982 


STS-LONGTERM  PROGRAM  PREPARATION 
PRESENT  ACTIVITIES  ARE  BASED  ON 

- COMPREHENSIVE  CONCEPT  STUDY  ON  SHUTTLE  BASED  RETRIEVABLE 
SPACE  PLATFORMS  (MBB/ERNO) 

IN  LE0  FOR  MICROGRAVITY  RESEARCH  AND  APPLICATIONS 
FOR  EARTH  OBSERVATION 

FOR  SPACE  SCIENCE  (X-RAY,  IR-TELESCOPES) 

in  geo  for  Communication  and  navigation  syst  ms 

RESULTING  IN  THE  GERMAN  INITIATIVE  FOR  THE  ESA-EURECA-PROGRAM 


- OPERATION  OF  A FIRST  RETRIEVABLE  PAYLOAD  CARRIER  SPAS  01 
FIRST  FLIGHT  MID  1983  (MBB-INITIATIVE,  JOINT  MBB/BMFT  VENTURE) 

- PREPARATION  OF  AN  X-RAY-SATELLITE  (PLATFORM)  ROSAT,  BILATERAL  PROJECT 
WITH  NASA  AND  UK 


• %’  - 


BMPT  - 512  - 6 


13.09.1982 


STS-LONGTERM  PROGRAM  PREPARATION 
OBJECTIVES  FOR  PRESENT  GERMAN  ACTIVITIES : 


- INVESTIGATE  SPECIFIC  UTILIZATION, 
GERMAN  POLICY  AND  DECISIONS 


TECHNICAL  AND  PROGRAMMATIC  ASPECTS  TO  DEFINE  THE 


- COMPLEMENT  ESA-ACTIVITIES , 
OF  INTEREST 


AS  FAR  AS  GAPS  ARE  EXISTING  OR  ADDITIONAL  FEATURES  ARE 


DEFINE  ELEMENTS  FOR  FUTURE  ORBITAL  SYSTEMS  WHICH  ARE  OF  SPECIFIC  GERMAN  INTEREST  AND 
IMPORTANCE  AND  PREPARE  THEIR  IMPLEMENTATION 


( 


BMFT  - 512  - 7 


13.09.1982 


STS  LONGTERM  PROGRAM  PREPARATION 


U — ALYSIS  0F  DEMAND  F0R  FUTtJRE  orbital  systems,  their  architecture  and  alternatives  for 
IMPLEMENTATION 

- UTILIZATION  ASPECTS  AND  REQUIREMENTS  FOR  FUTURE  SPACE  TRANSPORTATION  AND  ORBITAL 
SYSTEMS  (SL,  AUTOMATED  IN  ORBIT  INFRASTRUCTURE  (Iol) , SPACE  STATION,  COMBINED  SYSTEMS) 

- MANNED  ASPECTS  OF  FUTURE  EUROPEAN  ORBITAL  SYSTEMS  RELATED  TO  US-SPACE  STATION  CONCEPTS 

- IDENTIFICATION  OF  COMMON  ELEMENTS  OF  EUROPEAN  ORBITAL  SYSTEMS  AND  US-SPACE  STATION 
TO  MAXIMIZE  ECONOMY 

- DEVELOPMENT  OF  LONGTERM  GERMAN  PROGRAM  CONCEPTS  COMBINING  THE  EVOLUTION  OF  SPACE  UTILI- 
ZATION AND  THE  DEVELOPMENT  AND  STEPWISE  INSTALLATION  OF  ADVANCED  ORBITAL  SYSTEMS 

STUDY  TEAM:  DFVLR/MBB-ERNO/DS 
DURATION:  9 MONTHS 


4 


COST  ESTIMATE:  1,0  Mio  DM 


13.09.1982 


L f 


BMFT  - 512  - 8 


STS  LONGTERM  PROGRAM  PREPARATION 

2.  PREPARATION  OF  ORBITAL  SYSTEMS  ELEMENTS: 

2.1  PHASE  A-STUDY  OF  AN  INTER-ORBIT  TRANSFER  AND  LOGISTICS  VEHICLE  (IOTLV) 

IOTLV  IS  A MAJOR  ITEM  REQUIRED  FOR  FUTURE  ORBITAL  OPERATIONS  AND  SUPPLY  OF 
SPACE  PLATFORMS  OR  SPACE  STATIONS 

IT  IS  TO  BE  BASED  ON  THE  GALILEO  RETRO  PEOPULSION 

MODULE  (RPM)  CURRENTLY  UNDER  DEVELOPMENT  BY  MBB  FOR  NASA/JPL 


BMFT  - 512  - 9 


13.09.1982 


POSSIBLE  TASKS  FOR  IOTLV: 

transfer  of  payloads  from  shuttle  standard  orbit 

(300  km/28, 5°)  to  higher  orbits  and  return 


SUPPLY  AND  MODULE  EXCHANGE/TRANSFER 


for  space  platforms  or  space  stations 


SPACE  PLATFORM  ORBIT  CORRECTIONS  (RESTITUTION) 

TECHNOLOGY  AND  ORBIT  OPERATIONS  TEST  VEHICLE 
(ORBITAL  ASSEMBLY,  RdV  AND  DOCKING,  PROPELLANT 

0F  MOD”“S-  “ spacecraft  .de-orelting, 

INSPECTION  OP  FAILED  OP  DAMAGED  SPACECRAFT,  DE.R.s  COLLECTION.  SPACECRAFT  RECOVERS 


TRANSFER,  ROBOTICS) 


/ 
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STS  LONGTERM  PROGRAM  PREPARATION 

2.  PREPARATION  OF  ORBITAL  SYSTEMS  ELEMENTS: 

2.2  PHASE  A-STUDY  OF  A MODULAR  SOLAR-ARRAY  POWER  SYSTEM 
(MOSA-PS) 

DEVELOPMENT  OF  A VERSATILE  AND  COST  EFFECTIVE  POWER  SYSTEM 
TO  BE  APPLIED  FOR  EUROPEAN  SPACE  PLATFORMS  AS  WELL  AS 
STS  EfttANCEMENT  AND  SPACE  STATIONS  DELIVERING  BY  MODULAR 
COMBINATION  OF  STANDARD  SOLAR  CELLS /BLANKETS 
ELECTRICAL  POWER  OUTPUT  RANGING  FROM  3 TO  30  KW 


GALILEO  RETRO  PROPULSION  MODULE 


o o 

-n  » 
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RITI 
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- 000  N ENGINE 

(8)  FI  ECIRICAI.  CARI.ING 


MBS 


The  HBB  - Concept 


A modular,  multipurpose  vehicle  consisting  of  mission-dedicated 
modules 

• The  BASIC  ORBITAL  PROPULSION  MODUI  F (MOPS) 
with  2 to  A tons  propellant 


• An  EQUlPMENJ  MODULE  for  independent  flight  operations 

• a for  ort>ltal  servlclag  m 

• a jMcjorn^for  „oubl lng  the  „erfonrance  (aelta  v or  Day|Ma) 


Designed  for  Shuttle  Orblter  retrieval 
for  ARIANE  launch. 


(and  launch)  but  also  applicable 


MODULAR  ASSEMBLIES 

for  a wide  range  of  orbital  operations 


MOPS 


Equipment  Module 


Manipulator 

Module 


4 


Tonic  Module 


"N  /T- K 

i V ' n 

i i i i 

1 1 1 U 


MOPS 

as  ottached  module 
for  ARIANE-  and 
SHUTTLE-poyloads 

(expendable) 


MOPS 

with  Equipment 
Module  as  Reusable 
Perigee  Stage 
( Shuttle  ) 

(reusable) 


MOPS 

with  Equipment 
Module  and 
Manipulator  Module 
for  Satellite  Servicing 
(reusable) 


MOPS 

with  Tank  Module 
for  Increased 
Performance 

(expendable  or  reusable) 


ORIGINAL  I'/.C': 

of  pocr\  quality 
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RAUMFAHRTTECHNIK  GMBH 


AipW 


PI 


MOSA-  Power  System 


SINGLE  ARRAY 


ADAPTATION  OF  MODULAR  ARRAY  ON  PLATFORM  NEEDS 


EL.  POWER 
B.O.L 

PLATFORM  / PAYLOAO 

STUOIEO  BY 

3 KW 

FRC  3 X-RAY  ASTRON. 

(0.6  KW) 

ESA/E  R NO 

6 KW 

RMP  MICROGRAVITY 

(6KW) 

ESA/ERNO 

9 KW 

FRC  4 (7KW)  CLIMATOL7METEOR. 

ESA/E  R NO 

FRC  11  (8KW)  REMOTE  SENSING 


ESA/E  R NO 


OF  PGC*< 


EL.POWER 

B.O.L 


PLATFORM  / PAYLOAD 


STUDIED 

BY 


IB  KW 


EUROS  - SERVICE  MODULE 
(18.5KW  B.O.L  6 10KW  E.O.L-CONT) 
MULTI-DISCIPLINARY  PAYLOAD 


ESA/E  RNO 


21  KW 


SOLARIS-ORBITAL  SERVICE  MODULE 
(20KW  B.O.L  A 10KW  E.O.L.  CONTIN.) 
MULTI-DISCIPLINARY  PAYLOAD 


CNES 


24  KW 


US-POWER  SYSTEM 

(23KW  B.O.L  ± 12.5KW  E.O.L  CONTIN.) 


MSFC/TRW 


27  KW 


PEP-ORBITER  ELECTR. 
POWER  AUGMENT. 
(32 .88KW  B.O.L) 


JSC/MCDAC 


RPS  - LIKE  PEP  BUT  30KW  B.O.L 


AEG/SPAR 


ro^A 


System 


ERINin 

RAUMFAHRTTECHNIK  GMBH 


MAJOR  ELEMENTS  OF  THE  MODULA.  CONCEPT 


SOLAR  ARRAY 


SOLAR  CELLS 


DEPLOYMENT  MAST 


MECHANICAL 


LIGHTWEIGHT  FLEXIBLE  FOLDABLE  BLANKET 

FULLRETRACTABILITY 

DIMENSIONS  : 

APpROX.  21.5  m x 375  m (PER  WING) 
BLAN  rr  MASS  : 

AP  OX.  80  KG  (PER  WING) 

APPROX.  1 KG/m2 


ELECTRICAL  - MODULAR  POWER  OUTPUT  30  KW  MAX. 

(2  ARRAYS  ■ 4 WINGS) 

- HIGH  ARRAY  OUTPUT  VOLTAGE 

120  ...200  V (ADJUSTABLE) 

- SHUNT  DIODES  INCORPORATED  IN  ARRAY  DESIGN 
TO  PREVENT  SHADOW/HOT  SPOT  PHENOMENA 


5 cm  x 5 cm,  150  //m  THICKNESS,  BACK  SIDE  REFLECTOR  (BSR),  BACK 
SURFACE  FIELD  (BSF) 

(FULLY  RETRACTABLE  ASTROMAST) 

SERVES  TO  DEPLOY  THE  TWO  FOLDABLE  BLANKETS  IN  OPPOSITE  DIR- 
ECTION TO  ACHIEVE  A SYMMETRIC  CONFIGURATION  WITH  THE  GIMBAL 
ASSEMBLY  IN  THE  CENTER  ( ONE  ASTROMAST  PER  WING) 


21 


7 — 
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MOSA-  Power  System 


RAUMFAHRTTEwHMlK  GMBH 


DOUBLE  ARRAY  (18  KW)  ON  EUROS  - SERVICE  MODULE 


DEPLOYMENT 


WIP Mi  m IH'-'M11  ' 


CNES  ACTIVITIES  ON  FUTURE  SYSTEMS 


O OBJECTIVE 

— TO  PREPARE  A DECISION  ON  FUTURE  SYSTEMS  FOR  THE  90' S 
O APPROACH 

A.  PERFORM  CONCEPT  STUDIES  BASED  ON: 

— DESIGN  GOALS 
— REFERENCE  MISSIONS 

B.  REFINE  IN  PARALLEL  MISSION  IDENTIFICATION  AND  ANALYSIS 

C.  UPDATE  SYSTEM  STUDIES  (BASED  ON  A & B) 

D.  IDENTIFY  AND  ANALYSE  ALTERNATIVES 

3068B/1 


l iETinr* ■fturir  m fnr  '~r  i ■ ■ m ;iiiT  ~ ~ -n  m 


THE  SOLARIS  SYSTEM 


O DESIGN  GOALS 

— LAUNCH  BY  ARIANE  4/5 
— LIFETIME:  15  YEARS 


— RENDEZVOUS  AND  DOCKING  CAPABILITY 
— RETURN  CAPABILITY 
— GROWTH  POTENTIAL 
— PROVIDE  TO  PAYLOAD 

— POWER:  10KW  EOL 

— DATA  TRANSMISSION:  400  MB/S 

— POINTING:  0.10  DEG 

— ACCELERATION  <1G-5G 
O REFERENCE  MISSIONS 

— MATERIAL  PROCESSING 
— EARTH  OBSERVATION 

— ORBITAL  SERVICE  (MAINTENANCE , SERVICING. 
— ASSEMBLY  AND  CONSTRUCTION 


) 


3068B/2 
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THE  SOLARIS  COinwErT 


SERVICE  PLATFORM 

— AUTOMATIC  PLATFORM  OS  SUN-SYNCHRONOUS  OP-BIT  (BASELINE) 


— PROVIDES  BASIC  RESOURCES  TO  PAYLOADS  CARRIED  AND  EXCHANGED  BY 
TRANSPORT  VEHICLE 


__  MODULAR  CONCEPT  ALLOWING  GROWTH  POTENTIAL  (INCA  SING  SUPPOE 
MANNED  MODULE) 


A'T 


TRANSPORT  VEHICLE;  2 CONCEPTS 

A.  PARTIALLY  RECOVERABLE— MANEUVERING  AND  REENTRY  MODULES 

B.  TOTALLY  RECOVERABLE — WINGED  VEHICLE 

TELEMANIPULATOR.  TO  BE  INSTALLED  ON  SERVICE  PLATFORM  AND/OR 

ON  TRANSPORT  VEHICLE 

RELAY  SATELLITES 
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CNES  ACTIVITIES  IN  RELATION  TO  DS  SPACE  STATIONS 


O IDENTIFY  POTENTIAL  MISSIONS  AND  USERS  * 

EXTENSION  OF  WORK  ALREADY  UNDER  PROGRESS  TO  INCLUDE  U£  JPACE  STATIONS: 
— DESCRIPTION  OF  A "GENERIC"  SPACE  STATION 

QUESTIONNAIRE , CONTACTS  WITH  EXPERTS  AND  POTENTIAL  USERS 
— SORT  MISSION  REQUIREMENTS  VS.  POTENTIAL  SOLUTIONS: 

"FREE  FLYERS",  AUTOMATIC  PLATFORMS,  MANNED 
STATIONS 

DERIVE  INTEGRATED  REQUIREMENTS 

° INVESTIGATE  POSSIBILITIES  TO  PARTICIPATE  IN  BUILDING  SPACE  STATIONS 
— COMMONALITY  OF  ELEMENTS  BETWEEN  SOLARIS  TYPE  SYSTEMS  AND  SPACE 
STATIONS 

— OTHER  ELEMENTS 

° ANALYSE  IMPLICATIONS  OF  PARTICIPATING  IN  SPACE  STATIONS  (BUILDING 
AND  UTILIZING) 
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TETHERED  SATELLITE  PROGRAM 


GIANFRANCO  MANARINI 
PSN/CNR 
ITALY 
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TSS  CONCEPT  FUTURE  APPLICATIONS  TO  SPACE  STATIONS 
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SUBSYSTEM  OF  A SPACE  STATION 

FACILITY  FOR:  - DEPLOYMENT  AND  RETRIEVAL  OF  I AYLOADS 

- PAYLOAD  TRANSFER  TO  HIGHER  OR  LOWER  ENERGY  ORBITS 

- REENTRY 

- POWER  GENERATION 

- ALFVEN  ENGINE 

!- 

- VLF  ANTENNA 
DOCKING  FACILITY  * 

- A SHORT  TETHER  DEPLOYED  BY  THE  STATION  (THE  VELOCITY  OF  THE  TETHER  END  IS 
SLIGHTLY  DIFFERENT  FROM  THE  EQUILIBRIUM  ORBITAL  VELOCITY:  1 M/SEC  WITH 

1 KM  TETHER  AT  400  KM  ALTITUDE). 

- A LONG  TETHER  DEPLOYED  BY  THE  STATION  (THE  LENGTH  OF  THE  TETHER  IS  CHOSEN 

IN  ORDER  TO  PROVIDE  A VELOCITY  AT  THE  TETHER  END  EQUAL  TO  THE  APOGEE  VELOCITY 
OF  THE  SHUTTLE  TRANSFER  ORBIT).  ^ 


o ARTIFICIAL  LOW  GRAVITY  DEVICE 

A SUBSTATION  DEPLOYED  BY  THE  MOTHER  STATION  TO  GENERATE  A 0.1  G ACCELERATION 
(250  KM  TETHER  AT  400  KM  ALTITUDE). 
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. TETHERED  TELEOPERATOR 

. CONNECTION  DEVICE  AMONG  A MOTHER  STATION  AND  SUBSTATIONS 

* 

FLUID  AND  CARGO  TRANSFER  BY  GRAVITY  GRADIENT 
’ (THE  GRAVITY  GRADIENT  IS  HELPFUL  FOR  A TRANSFER  FROM  THE  C.G.  OF  A TETHERED 

SYSTEM  UPWARD  OR  DOWNWARD). 

LOW  G CONTROLLED  GRAVITY  ACCELERATION 

(THE  LOW  GRAVITY  ACCELERATION  CAN  BE  VARIED  AND  MAINTAINED  ALMOST  CONSTANT 
IN  A SUB  STATION  BY  TETHER  CONTROL).  • , 
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UNSAFE  EQUIPMENT  OR  MATERIALS  STORAGE 

(NUCLEAR  POWER  GENERATION  OR  OTHER  UNSAFE  PROCESSES  CAN  BE  KEPT  FAR 
FROM  THE  STATION  BY  A TETHER  AND  CAN  BE  RETRIEVED  IF  REQUIRED). 

FOWER  TRANSMISSION  OR  DATA  LINK 

(THE  TETHER  ITSELF  CAN  TRANSMIT  POWER  OR  DATA  FROM  A STATION  TO 
ANOTHER  CONNECTED  BODY) 

AID-FACILITY.  FOR  THE  SPACE  STATION  ASSEMBLY 

- PROVISIONAL  STABILIZATION  OF  CONSTITUENT  PARTS 

- DOCKING  DEVICE  FOR  CAPTURE  AND  RETRIEVAL  OF  CONSTITUENT  PARTS 
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OF  FOCH  QUAUW 


THE  TETHER  AS  A STRUCTURAL  ELEMENT  FOR  VARIOUS  SPACE  STATION  ARCHITECTURES 


-THREE  BODIES  CONCEPT 

A CENTRAL  STATION  IN  THE  CENTER  OF  GRAVITY  OF  THE  SYSTEM  (/. ND  THEREFORE  IN  NATURAL 
ORBIT)  AND  TWO  TETHERED  PLATFORMS  ALONG  THE  LOCAL  VERTICAL  ONE  UPWARD  AND  THE  OTHER 
DOWNWARD  DEPLOYED.  POSITIVE  ASPECTS  ARE  THE  ATTITUDE  STABILITY  AND  THE  SIMPLICITY 

■s 

OF  OPERATION  AS  FLUIDS  AND  CARGO  TRANSFER  BY  GRAVITY  GRADIENT. 

- ESTERNAL  TANK  TETHERED  SPACE  STATION 

(10  T 15  E.T.  CONSTITUTE \THE  LOWER  PLATFORM  CONNECTED  TO  A SIMILAR  UPPER  ONE  WITH 
20  KM  LONG  TETHERS) 

t 

- EXTERNAL  TANK  TETHERED  SPACE  STATION  FOR  A PROVISIONAL  LANDING  OF  THE 
ORBITER 

(A  TETHERED  SPACE  STATION  CAN  BE  DESIGNED  IN  ORDER  TO  HAVE  THE  VELOCITY  OF  THE 
LOWER  PLATFORM  EQUAL  TO  THE  APOGEE  VELOCITY  OF  THE  SHUTTLE  TRANSFER  ORBIT) 

- CONVENTIONAL  SPACE  STATION  STABILIZED  AROUND  PITCH  AND  ROLL  AXES  BY  A TETHERED 
STABILIZATION  MASS. 

THE  LATTER  COULD  BE  AN  ANTENNA  POINTING  THE  EARTH. 


■Harass 


ADDENDUM  TO  THE  LETTER 
TENTIAL  APPLICATIONS  OF 


OF  AGREEMENT  BETWEEN  NASA  AND  PSN/CNR  TO  INVESTIGATE  THE 
TETHER  CONCEPT  TO  THE  FUTURE  NASA  SPACE  STATION. 


PQ- 


THE  ADDENDUM  CONSISTS  OF  TWO  PORTIONS: 

1)  THE  ITALIAN  INDUSTRY  HAY  CONSULT  AND/OR  ASSOCIATE  WITH  NASA  CONTRACTORS  IN- 
VOLVED IN. THE  "SPACE  RATION  NEEDS,  ATTRIBUTES  AND  ARCHITECTURAL  OPTIONS" 

STUDIES. 

NASA  WILL  INFORM  THE  INVOLVED  U.S.  -'OMPANIES  OF  THE  PRESENT  AGREEMENT. 


J.  NASA/SELECTED  U.S.  TSS  CONTRACTOR  - I'SN/AIT  JOINT  INVESTIGATION  ON  TETHER  CON 
CEPT  APPLICATIONS  TO  A FUTURE  NASA  SPACE  STATION.. 

THE  JOINT  STUDY  RESULTS  IN  REPORTS  NOT  LATER  THAN  THE  END  OF  1983,  BASED  ON 
WHICH  FURTHER  ACTION  MAY  BE  DEEMED  APPROPRIATE. 


STS  CAP. .jILI TIES  FOR 
SUPPORTING  THE 
SPACE  STATION  PROGRAM 
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JAMES  BRILEY  ; 

JOHNSON  SPACE  CENTER 

NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 


mA 


rm 


PURPOSE  AND  SCOPE 


8 TO  PRESENT  THE  PROJECTED  CAPABILITIES  OF  THE  SPACE 
TRANSPORTATION  SYSTEM— ASSUMING  INCORPORATION  OF 
PRESENTLY- APPROVED  CHANGES— FOR  SUPPORTING  THE  SPACE 
STATION  PROGRAM 

f TO  QUANTIFY  OTHER  POTENTIAL  IMPROVEMENTS  TO  THE  STS  °B. 

■O  g 

THAT  COULD  FURTHER  ENHANCE  ITS  CAPABILITY  FOR  §1 

SUPPORTING  THE  SPACE  STATION  SYSTEM  «gg 

fe 
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SUMMARY 


MANY  OF  THF.  STS  IMPROVEMENTS  OR  MODIFICATIONS  NOTED  IN  THIS  PRESENTA- 
TION ARE  NOT  CURRENTLY  PROGRAMMED  AND  ARE  THEREFORE  SUBJECT  TO  FUTURE 
FUNDING  LIMITATIONS 

THE  STS  IS  A MATURING  SYSTEM  THAT  WILL  DERIVE  INCREASING  CAPABILITY 
FOR  SUPPORTING  THE  SPACE  STATION  SYSTEM  THROUGH: 

• EXPERIENCE 

• PROJECTED  IMPROVEMENT  TO  SYSTEMS 

• IMPLEMENTATION  OF  ADDITIONAL  (E.G,,  SPACE  STATION)  REQUIREMENTS 

r:  n 

CONTINUING  DEFINITION  OF  THE  SPACE  STATION  SYSTEM  WILL  EVOLVE  j 

ADDITIONAL  REQUIREMENTS  THAT  WILL  PERMIT  FOCUSING  OF  STS  IMPROVE- 
MENT OPTIONS  AND  RESOURCES 

MAS  STUDIES  SHOULD  PROVIDE  THE  BASIS  FOR  SPACE  STATION-RELATED  STS 
IMPROVEMENT  REQUIREMENTS 
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STS  ROLE  IN  THE  SPACE  STATION  PROGRAM 


9 SPACE  STATION  SYSTEM  LAUNCH,  ASSEMBLY,  RESUPPLY  AND 
SERVICING  SYSTEM 

I CREW  ROTATION  AND  RESCUE  SYSTEM 
I COMMUNICATIONS  INTERCHANGE 
• FACILITY  FOR  OPERATIONAL  PROCEDURES  DEVELOPMENT 
9 TECHNOLOGY  BASE  FOR  ON-BOARD  SYSTEMS 
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• ORBITER  VEI  SPEC 


« IUS 


• CENTAUR 

• MMU 

• RMS 
0 TMS 
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STS  CAPABILITY  - AREAS  OF  DISCUSSION 
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LAUNCH  AND  LANDING  WEIGHT 

ON-ORBIT  STAY  TINE 

RESUPPLY/RESCUE  CONSIDERATIONS 

DOCKING  AND  BERTHING  - NECHANICAL  SYSTEMS 

REMOTE  MANIPULATOR  SYSTEM 

COMMUNICATIONS  AND  TRACKING 

EVA  SUPPORT 

SATELLITE  SERVICING 

ORBITAL  TRANSFER  SYSTEMS 

FLUIDS  MANAGEMENT  AND  RESUPPLY 
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ORIGINAL  PME  H] 
OF  POOR  QUAUW 


APPROXIMATE  STS  LIFT  CAPABILITY  - 28j:°  lNCL , 150  N.M. 


PAYLOAD,  LBS 


CURRENT  CAPABILITY 

OV  10? 

(AETER  MAXT-M0D) 
38,000 

OV  099 

nv  icn/io'1 

PROJECTED  DELTA  CAPABILITY  WITH 

26,400 

_ 

- 

O O 

as 

"APPROVED"  CHANGES* 
PROJECTED  CAPABILITY  (by  1985) 

64,400 

67,600 

72,200 

O 3 

O g 
to  r3 

O V; 
& L5 

OTHER  POTENTIAL  INCREASES* 

7,800 

‘7,800 

7,800 

'-*r*  C-  7. 

£>  i-j 

r;  c-a 

POTENTIAL  CAPABILITY 

72,200 

75,400 

80,000 

NOTES:  I.  Stated  capabilities  do  not  allow  for  3000  lb.  management  reserve 

2.  Assumes  present  issues  involving  low  MPS  I (2300  lbs),  low  SRB 

sp 

burn  rate  (1000  lbs)  and  5.4  load  (1500  lbs)  are  resolved. 


3.  Launch  capabilities  states  are  subject  to  Orbiter  landing  and 
launch  g-load  constraints. 

4.  Potential  WTR  (150  n.m.,  98°  incl.)  lift  capability  is  about 
32,000  lbs.  assuming  same  modifications. 


*See  Chart  8 for  Definition  of  Items 
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BACKGROUND  CHART  - LIFT  CAPABILITY 


I CURRENT  CAPABILITY 

9 100%/100%  POWER  LEVEL 
I HEAVY  WEIGHT  ET 

• 86-80  SRB 

» 150  N.M./28.50/*)  MEN/7  DAY 
I Q MAX  -680  PSF 

• ^PROJECTED  CAPABILITY  APPROX.  A CAPABILITY,  KLBS 

I .1097/109%  POWER  LEVEL  10 

• LIGHT  WEIGHT  ET  8 

• FILAMENT  WOUND  CASE  6 

« AERO  UPDATE  \ n °§ 

9 ET  BAFFLE  REMOVAL  0.9  §H 

7 

L,  . -• 

» OTHER  POTENTIAL  INCREASES  7 q 


9 100  N.M.  VS  150  N.M. 
9 2 MEN/1  DAY 


PROJECTED  S$V  CAPA2U.:Tv 


FOR  REFERENCE  ONLY 


^DIRECT 
^ INSERTION 


»-fii  INC  1 ETR 
57,0*  INC  * 

90°  INC 

• WTR  LAUNCH 

« 680  PSF 
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GKS  KITSf-NOT 
CURRENTLY  IN  program)  . 
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ABORT  LANDING  WEIGHT  CONSIDERATIONS 

CURRENT  VEHICLE  LANDING  WEIGHT  LIMIT  (INCL.  P/L  WEIGHT)  = 240,000  LBS 

• CORRESPONDS  TO  P/L  LIMIT  OF  43-48  KLBS. 

POTENTIAL  IMPROVEMENTS  COULD  INCREASE  PAYLOAD  LANDING  WEIGHT  BY 
10-20  KLBS. 

• LANDING  GEAR  SYSTEM  IMPROVEMENTS 

I STRUCTURAL  MODS  TO  MID-FUSELAGE 

• PROCEDURAL  CHANGES 

NOSE  GEAR  EXTENSION  IS  MOST  EFFECTIVE  ITEM  FOR  LANDING  WEIGHT 
IMPROVEMENT 

• NOT  CURRENTLY  PROGRAMMED 

8 3-4  YEARS  IMPLEMENTATION  LEAD  TIME 

• MAY  REQUIRE  ADDITIONAL  VEHICLE  MODS  TO  SUPPORT  WEIGHT 
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PERFORMANCE  - SUMMARY 


S SSV  PAYLOAD  LIFT  CAPABILITY  IS  PROJECTED  TO  BE  75-80  K POUNDS  IN  THE  POST  - 1985 
TIME  PERIOD  (28^°  - 150  N.M.  CIRCULAR  ORBIT) 

8 ORBITER  CAPABILITY  TO  ACCOMMODATE  ASCENT,  ENTRY  AND  LANDING  LOADS  FOR  REQUIRED 
FURTHER  EVALUATION 

8 VEHICLE  LOAD  TESTS 
f LANDING  GEAR  MODS 
• POSSIBLE  STRUCTURAL  MODS 

• DIRECT  INSERTION  CAPABILITY  ATTRACTIVE  FOR  SPACE  STATION  SCENARIO 

8 PLANNED  FOR  SOLAR  MAX  MISSION 
f REQUIRES  FURTHER  ANALYSIS  FOR  GENERIC  USE 
I ATTRACTIVE  ALTERNATIVE  TO  OMS  KITS 


/ 
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OF  POOQ  QUAUW 


ON-ORBIT  STAY  TIME 


f FUNCTION  OF:  ' 

0 NUMBER  OF  CRYOGENIC  TANK  SETS  INSTALLED 

• AVERAGE  ON-ORBIT  POWER  LEVEL 

• QUIESCENT  POWER  LEVELS  h VE  NOT  BEEN  ESTABLISHED 

# LOW  ACTIVITY  (SLEEP  PERIOD)  POWER  LEVELS:  11-12  KW 

1 CONTINGENCY  POWER  DOWN  PERIODS:  7-8  KW  £»  n 

' SV  * 

® OTHER  CONSUMABLES  ALSO  LIMITING  BECAUSE  OF  STORAGE  CONSTRAINTS  !■'  I 
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Total  power,  kW 


OF  POOR  QUALITY 
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RESCUE  AND  RESUPPLY  SUPPORT  CONSIDERATIONS 

• STS  LAUNCH  RESPONSE  REQUIREMENTS 

I TURNAROUND:  2 WEEKS/ 160  WORKING  HOURS 
8 LAUNCH  FROM  STANDBY:  WITHIN  2 HOURS 
i LAUNCH  PAD  HOLD  CAPABILITY:  29  HOURS 

* FLEET  SIZE 

# FOUR  ORB ITERS  BY  - 1985 

• LONG-LEAD  ITEMS  FOR  FIFTH  ORB I TER  NOW  FUNDED 

# PROJECTED  FLIGHT  CAPABILITY:  29  FLIGHTS/YEAR  (9  ORB ITERS) 

8 CREW  SEATING 

8 FLIGHT  DECK  ACCOMMODATES  FOUR  CREW  PERSONS 
8 STUDIES  EXPAND  SEATING  ACCOMMODATIONS  TO  10  USING  MID-DECK 
• CONCEPTUAL  DESIGN  ONLY;  1 - 2 YEARS  FOR  IMPLEMENTATION 
8 DETAILED  DESIGN  FOR  UP  TO  SEVEN  SEATS 
8 SIX  CREWPERSONS  ON  SPACELAB  1 FLIGHT  (9/83) 
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DOCKING  ftND  BERTHING 


DOCKING  PROVISIONS  ARE  REQUIRED  TO  SUPPORT  SPACE  STATION 

• NOT  CURRENTLY  PROGRAMMED 

9 DOCKING  MODULE  CONCEPTUAL  DESIGNS  COMPLETE 
C DOCKING  MECHANISMS  TECHNOLOGY  WORK  IN  PROGRESS 
9 4 - 5 YEARS  IMPLEMENTATION  LEAD  TIME 

RMS  AND  OTHER  MECHANICAL  DEVICES  REQUIRED  FOR  BERTHING 
VERNIER  RCS  ISSUE 

I ADDITIONAL  UP-FIRING  THRUSTERS  REQUIRED  FOR  BRAKING 
C ADDITIONAL  REDUNDANCY  FOR  VERNIER  SYSTEM 
9 NOT  CURRENTLY  PROGRAMMED 
I CONCEPTUAL  DESIGN  COMPLETE 

• 2-4  YEARS  IMPLEMENTATION  LEAD  TIME 
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DOCKING  I :RFACE  CONCEPT 


ELECTRIC  POWER 
N2 


CONTROL/ 
DATA 


F REON  SUPPLY  (PRI  & SEC| 

FREON  RETURN  (PRI  & SEC) 

ll20  COOLANTSUPPLY  (PRI  & SEC) 

H20  COOLANT  RETURN  (PRI  & SEG) 

H20  COOLANT  RETURN  (PRI  St  SEC| 

M20  POTABLE  SUPPLY 

M20  WASTE  RETURN 

02  SUPPLY 

N2  SUPPLY 

AIR  PRESSURE 

AIR  PROCESSING  DUCTS 

ELEC.  POWER-PRIMARY 

ELEC.  POWER-SECONDARY 

DATA/CONTROL 

G/N-RCS 

ECLSS 

ISS 

COMM.-AUDIO/VISUAL 
OATA-DIGHAI  /ANALOG 


WATER 
FREON 


AXIAL  CLOSING  VEL 
LATE  HAL  VEL 
ANGULAR  VEL 
LATERAL  .MISALIGNMENT 

ANGULAR  *vSA  MGNMLNT 


0.1  G- 0.6  FPS 

< 0.2  FPS 

£ 0.6  DEG/SEC 
£ 0.76  FT 
£ 6.0  DEG  (ROLL) 

< S.O  DEG 
(PITCH/YAW) 
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DOCKING  MODULE  CONCEPT 


DOCKING  MODULE  IS  DESIGNED  FOR 
EASY  CiiANGEOUT  - LIKE  CARGO 


data/control 
CONNECTOR  PANELS 


FEATURES: 

• EX1ENDS  15  IN.  AOOVE  ORBITER  ML 

• RETRACTS  TO  36  IN.  BELOW  PAYLOAD  DAY 
DOOR  INNER  ML 

• PROVIDES  40  IN.  CLEAR  OPENING 

• PROVIDES  INTERFACE  UTILITIES  WITHIN 
PRESSURE  VOLUME 

• PROVIDES  ACCESS  TO  UTILITIES 


SUPPORT 

STRUCTURE 


U 
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RMS  DPS  ION  RPfllll  RFMI'NT  S SUMMARY 


S PERFORMANCE: 

• DEPLOY /RETRIEVE  32  KLB,  15  x 60  FT  PAYLOAD 

• DEPLOY  66  KLB,  15  X 60  FT  PAYLOAD 

• BERTH  65  KLB  PAYLOAD 

• CAPTURE  PAYLOAD  MOVING  AT  0.1  FT/SEC.  RELATIVE  TO  ORBITER 

I RELEASE  65  KLB  PAYLOAD  WITHIN  ± 5°  OF  SPECIFIED  ATTITUDE- AND  WITH  ANGULAR 


RATES  _ 0.015  DEG/SEC. 

STOPPING  DISTANCE  OF  2 FT  AT  0.2  FT/SEC.  WITH  32  KLB  PAYLOAD 
ARM  TIP  VELOCITY  OF  2 FT/SEC.  WITH  NO  PAYLOAD 
I’OSII  ION  IIP  OF  ARM  WIIII1N  i X l NCI  II  S AND  t I DEGREE 
WITHSTAND  ORBITER  VRCS  LOADS  WHILE  HOLDING  PAYLOAD 


© © 
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UTIDER  MANUAL  COL, SOL  Tib  RATES  OF  MOVEMENT  OF  THE  END  OF  THE  ARM  CONTROLLED 


WITHIN  0.03  FT/SEC.  AND  C T9  DEG/SEC. 

IN  POSITION-HOLD  SUB-MODE  T.b  POSITION  AND  A 
MAINTAINED  WITHIN  ± 2 INCHES  AND  ± I DEC NEE. 


Till  USE  CE  THE  END  EFFECTOR 
THE  LIMIT  CYCLE  MOVEMENT 


OF  EACH  JOINT,  WITH  ZERO  RATES  COMMANDED  BY  THE  OPERATOR  AND  NO  EXTERNAL 
TORQUES  APPLIED,  SHALL  BE  LESS  THAN  0.015  DEG/SEC. 

» OTHER  REQUIRED  CAPABILITIES: 

I ASSIST  CREW  IN  EXTRA  VEHICULAR  ACTIVITIES 

I INSPECT  ORB I TER  AND  PAYLOADS  VIA  CCTV 

® ASSIST  IN  SERVICING  PAYLOADS  IN  CARGO  BAY 

• DEPLOY  AND  RETRIEVE  UP  TO  5 PAYLOADS  IN  ONE  MISSION 

« PLACE  PAYLOADS  ON  A SUITABLY  CONFIGURED  AND  STABILIZED  BODY 


mm 


The  TMS  Is  depicted  supporting  a low  earth-orbit  space 
station  in  a variety  of  functions  Including: 

- (A)  Materials  processing  payload  module  exchange 

- (B)  Materials  processing  product  harvesting 

- (C)  Assembly  of  space  structure 

- (D)  Retrieval  of  co-orbiting  satellites  for  servicing 

- (E)  Capture  of  debris  which  may  pass  through  space 

station  orbits 

- (F)  Transport  of  a manned  capsule 


GLOBAL  POSITIONING  SYSTEM  (GPS) 


PURPOSE 

• SATELLITE  CONSTELLATION  FOR  USER  DETERMINATION  OF  SELF 
POSITION  AND  VELOCITY 

® USER  REQUIRES  COMPATIBLE  "NAV  SET”  HARDWARE /SOFTWARE 
PACKAGE 

• OPERATE  IN  L-BAND  AT  TWO  FREQUENCIES 

• ORBITERS  WIRED  FOR  GPS  RECEIVERS 

PRESENT  CONFIGURATION 

• SIX  SATELLITES  TN  TWO  ORRT  \\.  PLANES 

• FOUR  UNITS  FULLY  OPERATIVE 

• LAUNCHED  BY  ATLAS  VEHICLES 

FINAL  CONFIGURATION 

• EIGHTEEN  ( 18 ) SATELLITES  IN  SJX  ORBITAL  PLANES  BY  1987 

• LAUNCH  BY  STS/PAM-D's 
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OR5@0NAL  I ?PM1  iiS 
OF  POOR  QUALITY 


J 


ITEM 

9 DIGITAL  TV 


9 KU-BAND  RADAR  TRANS- 
PONDER 


« LASAR  TRACKER/ 
DOCKING  SYSTEM 


CONTENT/PURPOSE 

• PROVIDE  FOR  SECURE  TV  TRANS- 
MISSION 

« JAMMING  PROTECTION 

9 TRANSPONDER  i N TARGET 
VEHICLE 

9 EXTENDS  ORB I TER  KU-BAND 
RADAR  RANGE  (TRANSPONDER 
ON  TARGET  VEHICLE 

9 PASSIVE  VEHICLE-RETRO 
REFLECTORS 

9 ACTIVE  VEHICLE-LASER 
BEAM 

9 POSITION  DETERMINANT 

9 POSITION  AND  ATTITUDE 
CLOSE  IN 

9 ENABLE  AUTOMATIC  OPERA- 
TIONS 


STATUS/CQMMENTS 

AF  FUNDING  DEVELOPMENT 
OF  PROCESSOR  TO  FLY  ON 
ORB ITER 

9 OPERATIONAL:  MID-TO- 

LATE  1980'S 

9 NO  PRESENT  FUNDING 

9 WOULD  ASSIST  IN  SATELLITE 
RENDEZVOUS,  RETRIEVAL, 
ETC. 


9 LABORATORY  BREADBOARD  UNIT 

9 FLIGHT  EXPERIMENT  PRO- 
POSED 


TRACKING  AND  COMMUNICATION  IMPROVEMENTS 


i 


<'.n 


TRACKING  AND  COMMUNICATION  IMPROVEMENTS  (CONT) 


ITEM 

CLOSE-UP  TV  LENS 


INFRA-RED  COMMUN- 
ICATIONS (INTERIOR) 


LASER  COMMUNICATIONS 
(SPACE-TO-SPACE 
COMM  LINK) 


PROXIMITY  OPERATIONS 
RADAR 


PROXIMITY  OPERATIONS 
VEHICLE 


CONTENT/PURPOSF 

• MINUTE  INSPECTION  OF 
TARGET  DETAILS 

• WIRELESS  COMMUNICATION 

• SECURE  COMMUNICATIONS 

• LIGHT-WEIGHT,  LOW  POWER, 
MULTIPLE  CHANNELS 

• SECURE  COMMUNICATIONS  (NO 
SIDE  OR  BACK  LOBES) 

• HIGH  DATA  RATE 

• NO  RADIO  INTERFERENCE 

• HAND  HELD  RADAR  - DISTANCE 
AND  VELOCITY  DETERMINATIONS 

• TELEOPERATOR  SYSTEM  - PRI- 
MARILY FOR  INSPECTION 

• TV,  V CAPABILITY  (COLD-GAS) 


STATUS/COHMENTS 

• EXPERIMENTAL  VERSION  ON 
STS-5 

• LAB  BREADBOARD  DEMONSTRA- 
TION 

• PACKAGING  EFFORT  PROPOSED 

I FLIGHT  DEMONSTRATION 
PLANNED 

• LAB  BREADBOARD 


I BREADBOARD  UNIT  BUILT 

• INFRA-RED  VERSION  UNDER 
STUDY 

• DEFINITION  STUDIES  FY83 

• PROJECTED  FY8A  START 
8 OPERATIONAL  1986-88 


TRACKING  AND  COMMUNICATION  IMPROVEMENTS  (CONT) 


ITEM 


8 EMU  TV 


CONTENT/PURPOSE 

• CLOSE-UP  TV  FROM  REMOTE  LOCA- 
TIONS ENABLED  BY  EVA  (CAMERA 
LOCATED  ON  ASTRONAUT'S  HEL- 
MET) 


SUPPORT  ANOMALY  SITUATIONS 
OR  OTHER  ACTIVITY  WHERE  RMS 
OR  BULKHEAD  TV  CAMERAS  CAN 
NOT  VIEW  SCENE  OF  INTEREST 


REAL  TIME  VIEWING  AVAILABLE 
TO  GROUND  THROUGH  KU-BAND/ 
TDRS  LINK 


STATUS/COMMENTS 
• INITIAL  USE  ON  STS-5 


POV/LDS  RENDEZVOUS  AND  DOCKING 
DEMONSTRATION  WITH  ORBITER 


LASER 
DOCKING 
SYSTEM  (LDS) 


PROXIMITY  OPERATIONS  VEHICLE  (POV) 


ANTENNA 


DOCKING  AID 
REFLECTORS 


ADAPTER 

BEAM 


DOCKING  TARGET  — ' 

V FLIGHT  SUPPORT  STATION  IFSSI 


OF  POOR  Qu 


INFRA-RED  CREW  COMMUNICATIONS 


FREE  SPACE  LASER  COMMUNICATIONS 


REMOTE/DETACHED  TELEVISION 


EVA  TASKS 


PLANNED  TASKS 


ACTIVATION 

ATTACHMENT 

CLEANING 

CONNECT 

DEACTIVATE 

DEPLOYMENT 

DISCONNECT 

EXTENSION 

INSPECTION 

INSTALL 

MAINTENANCE 

PHOTOGRAPHY 

REMOVAL 

RETRACTION 

SERVICING 

STORAGE 

STOWAGE 

TRANSFER 


TASK  ITEMS 

ANTENNAS 

BOOMS 

CAMERAS 

CARGO 

EQUIPMENT  MODULES 
FILM  CASSETTES/PACKS 
INSTRUMENTATION 
MATERIAL  SAMPLES 
OPTICAL  SURFACES 
PROTECTIVE  COVERS 
SOLAR  ARRAYS 
UMBILICALS 
ETC. 


CONTINGENCY  TASKS 
JETTISON 

MECHANICAL  OVERRIDE 

REPAIR 

REPLACEMENT 

REPOSITIONING 

RESCUE 

STABILIZE 

TIEDOWN 
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EVA  EQUIPMENT  INVENTORY 


CREW  PROVISIONS 
SPACE  SUITS 
PORTABLE  LIFE  SUPPORT 
EMU  LIGHTS 
EMU  TV 

MINI  WORK  STATION 
HOT  PAD  GLOVES 
COMMUNICATION  CAP 
WRIST  MIRROR 
WATCH 

TOOL  CADDIES 
SCISSORS 


ORB ITER  ACCOMMODATIONS 

AIRLOCK 

HANDHOLDS 

FOOT  RESTRAINTS 

SLIDEWIRES 

TETHERS 

WINCHES 

STOWAGE 

EMU  RESERVICING 
MMU  RESERVICING 


EVA  TOOL  KIT 

ADJUSTABLE  WRENCH 

RATCHET  DRIVES/SOCKETS 

END  WRENCHES 

SOCKET  WRENCHES 

SPANNER  WRENCHES 

EXTRACTOR 

PRY  BAR 

FORCEPS 

PLIERS 

SNATCH  BLOCKS 
HAMMER 
PROBE 
VICE  GRIP 


ZERO  PRE-BREATHE  SPACE  SUIT 


INCREASED  CAPABILITY 
.SHUTTLE  LSS  AND  DCM 


OBJECTIVE 

HIGHLY  MOBILE  SPACE  SUIT  THAT 
ELIMINATES  PREBREATHE 


STATUS 

COMPONENT  TECHNOLOGY  IS  MATURE 
INTEGRATED  SUIT  DESIGN  INITIATED 
1982 


AVAILABILITY 

TECHNOLOGY  DEMONSTRATION  1983 
PROTOTYPE  DEMONSTRATION  1986 
FLIGHT  HARDWARE  1988 


IMPROVED 
SHOULDER  JOIN 

IMPROVED 
SHOULDER  JOINT 

HIGHER  OPERATING 
PRESSURE  GLOVE 


METAL  VERNIER 
SIZING  INSERT 
ELEMENTS 


METAL  VERNIER 
SIZING  INSERT 
ELEMENTS 

SINGLE  AXIS 
WAIST  JOINT 

2-BEARING 
HIP  JOINT 

IMPROVED  KNEE/ 
ANKLE  JOINTS 


0 Q 
-G 


m 


2 
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'J  (MANNED  MANEUVERING  UNIT)  CAPABILITIES 


PRESENT  CAPABILITIES: 
o ATTACHES  TO  EMU 
o ONE  MAN  SERVICE  AND  OPERATION 

o SUPPORTS  6 HOUR  EVA  WITH  ON-ORBIT  N2  RECHARGES  AS  REQUIRED 
o OPERATES  IN  VICINITY  OF  ORBITER 
o 66  FEET/SEC  DELTA  VELOCITY 

o MANUAL  TRANSLATION  AND  ROTATION  CONTROL  WITH  AUTOMATIC  ATTITUDE  HOLD 
o CAPABLE  OF  TRANSFER  THRU  ORBITER  HATCHES 

o FAULT  TOLERANT  SYSTEM  ALLOWS  ISOLATION  IF  ANY  SINGLE  FAILURE  AND  SAFE  RETURN  TO 
ORBITER 

o FSS  (FLIGHT  SUPPORT  STATION)  IN  PAYLOAD  BAY  HOLDS  MMU  FOR  LAUNCH,  ON-ORBIT 
DON/DOFF/SERVICE  AND  REENTRY 
o MMU  WEIGHT  350  P""NDS,  FSS  WFIGHT  170  POUNDS 


PROJECTED  CAPABILITIES: 

o INCREASED  RANGE  & DV  DEVELOPMENT 


o iupwt  mu 

o HIGHER  PREaaURE  GN? 


SYSTEM  iLVELOPHENT 


SATELLITE  SERVICING 


• EQUIPMENT  CATEGORIES 

• INHERENT:  PRESENTLY  IN  STS  PROGRAM 

• GENERIC:  GENERAL  PURPOSE  EQUIPMENT  UNDER  STUDY  OR 

DEVELOPMEK 

• UNIQUE:  SPECIAL-PURPOSE  EQUIPMENT  FOR  SUPPORTING 

SPECIAL  REQUIREMENTS  OR  MISSIONS 

• ADVANCED:  EQUIPMENT  POTENTIALLY  NEEDED  TO  FULFILL 

PROJECTED  MISSION  REQUIREMENTS 
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f REFERENCE  MATERIAL:  PROCEEDINGS  OF  THE  SATELLITE  SERVICES 


WORKSHOP,  NASA /JSC,  JUNE 


INHERENT  EQUIPMENT : EQUIPMENT  INHERENT  WITH  STS  SYSTEM 


INHERENT  SERVICING  EQUIPMENT 

SATELLITE  SERVICE  FUNCTION 

STATUS 

PAYLOAD  RETENTION  SYSTEM  - PRS 

• PROVIDES  ORBITER  RETENTION  (AND 
RELEASE)  OF  PAYLOADS. 

AVAILABLE 

REMOTE  MANIPULATOR  SYSTEM  - RMS 

• PRIMARILY  FOR  DEPLOYMENT  AND  ' 

RETRIEVAL  OF  SATELLITES;  ALSO 
FOR  OBSERVATION  VIA  CCTV  AND 
SUPPORT  SERVICES. 

AVAILABLE 

EXTRAVEHICULAR  MOBILITY  UNIT  (EMU) 

• PROVIDES  MANNED  EVA  CAPABILITY. 

AVAILABLE  o o 

■n  » 

MANNED  MANEUVERING  UNIT  - MMU 

• PROVIDES  MANNED  PROPULSIVE  EVA 
CAPABILITY. 

AVAILABLE  § | 

s ^ 

ORBITER  MANEUVERING  SYSTEM  KIT  - OMS  KIT 

• INCREASES  ORBITER  DELTA-V  CAPABILITY. 

ON-HOLD  g S 

AFT  FLIGHT  DECK  - CONTROLS  AND  DISPLAYS 

• PROVIDES  CONTROL  OF  RMS,  PRS  AND  OTHER 
REMOTE  MECHANISMS  FROM  THE  ORBITER  AFT 
FLIGHT  DECKo 

AVAILABLE  g 1 ‘ 

EXTRAVEHICULAR  MOBILITY  UNIT  TV 

• PROVIDES  CCTV  DURING  EVA. 

AVAILABLE 

CLOSED-CIRCUIT  TELEVISION  - CCTV 

• PROVIDES  CCTV  VIEWING  OF  CARGO  BAY. 

AVAILABLE 

ORBITER  EXTERIOR  LIGHTING 

• PROVIDES  LIGHTING  OF  CARGO  BAY. 

AVAILABLE 

EQUIPMENT  STOWAGE 

• PROVIDES  FOR  THE  STOWAGE  OF  EQUIP- 
MENT, SPARE  PARTS,  TOOLS  AND  DEBRIS. 

PARTIALLY  AVAILABLE 
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GENERIC  EQUIPMENT:  EQUIPMENT  '"4 1 CH  INTEGRATES  WITH  THE 

INHERENT  EQUIPMENT  AND  H/w  GROWTH  POTENTIAL 


GENERIC  SERVICING  EQUIPMENT 

1 SATELLITE  SERVICE  FUNCTION 

STATUS 

MANIPULATOR  FOOT  RESTRAINT  - MFR 

• 

PROVIDES  A STABLE  PLATFORM  FOR  MANNED 

DEVELOPMENT  COMPLETED. 

ACTIVITY  WITHIN  OPERATING  RANGE  OF  RMS. 

FUNDING  FOR  FLIGHT 
HARDWARE  APPROVED. 

WORK  RESTRAINT  UNIT  - WRU 

• 

PROVIDES  A METHOD  OF  SATELLITE  ATTACH- 

DEVELOPMENT  PARTIALLY 

MENT  AND  A STABLE  WORK  RESTRAINT  DURING 
MMU  ACTIVITY. 

COMPLETE. 

MANEUVERABLE  TELEVISION  - MTV 

• 

PROVIDES  REMOTE  SATELLITE  (AND  ORBITER) 

LIMITED  DEVELOPMENT 

OBSERVATION  CAPABILITY. 

ACTIVITY  UNDERWAY. 

HOLDING  AND  POSITIONING  AID  - HPA 

• 

PROVIDES  TEMPORARY  HOLDING  AND 

FABRICATION  OF  TEST 

POSITIONING  OF  A SATELLITE  WHILE 

MODEL  FOR  1-G  TESTING 

BEING  SERVICED  i 

UNDERWAY. 

FLUID  TRANSFER  EQUIPMENT/TECHNIQUES 

• 

PROVIDES  CAPABILITY  TO  TRANSFER  FLUIDS 
BETWEEN  THE  ORBITER  AND  SATELLITES. 

CONCEPT  ONLY 

TOOLS:  POWER/HAND 

• 

ENHANCES  MANNED  ACTIVITY  DURING  EVA. 

PARTIALLY  AVAILABLE 

RMS  GENERAL  PURPOSE  END  EFFECTORS 

• 

ENHANCES  RMS  CAPABILITY 

CONCEPT  ONLY 

O O 
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UNIQUE  EQUIPMENT:  EQUIPMENT  UNIQUE  TO  SPECIAL  MISSION  REQUIREMENT 


UNIQUE  SERVICING  EQUIPMENT 

SATELLITE  SERVICE  FUNCTION 

STATUS 

PAYLOAD  INSTALLATION  AND  DEPLOYMENT  AID 

• ALLOWS  CONTROLLED  DEPLOYMENT  AND  STOWAGE 
OF  MAXIMUM  SIZED  PAYLOADS  WITH  MINIMAL 
RISK  OF  DAMAGE  TO  THE  ORBITER  AND  PAYLOAD. 

1-G  TEST  MODEL 
EVALUATED. 

PAYLOAD  HANDLING  DEVICES 

» PROVIDES  CAPABILITY  TO  GRAPPLE  AND  HANDLE 
UNATTACHED  PAYLOADS. 

STUDY  UNDERWAY  FOR 
SOLAR  MAX  REPAIR 
MISSION. 

RMS  SPECIAL  PURPOSE  END  EFFECTORS 

• ENHANCES  THE  CAPABILITY  OF  THE  RMS. 

CONCEPT  ONJ-Y 

TILT  TABLE 

• PROVIDES  THE  PROPER  ORIENTATION  OF 
PAYLOADS  FOR  DEPLOYMENT,  BERTHING 
AND/OR  SERVICING. 

CONCEPT  ONLY 

SPIN  TABLE 

• PROVIDES  THE  CAPABILITY  TO  "SPIN-UP” 
SATELLITE  PRIOR  TO  DEPLOYMENT. 

CONCEPT  ONLY 

8 © 
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ADVANCED  EQUIPMENT:  EGbx,'MENT  POTENTIALLY  NEEDED  TO 
FULFILL  FUTURE  MISSION  MODEL  REQUIREMENTS 


ADVANCED  SERVICING  EOUIPMENT 

SATELLITE  SERVICE  FUNCTION 

STATUS 

TELEOPERATOR  MANEUVERING  SYSTEM 

® PROVIDES  FOR  PAYLOAD  DEL I VERY/ RETRIEVAL 
TO/FKOM  SA7ELLITE  OPERATIONAL  ORBIT  WHEN 
DIFFERENT  FROM  0R3ITER  ORBIT. 

STUDIES  UNDERWAY 

NON-CONTAMINATING  ATTITUDE  CONTROL  SYSTEM 

• ALLOWS  SERVICING  OF  CONTAMINATION 
SENSITIVE  SATELLITES. 

CONCEPT  ONLY 

SUN  SHIELD 

t PROVIDES  PROTECTION  TO  SUN 
SENSITIVE  PAYLOAD. 

CONCEPT  ONLY 

ORBITAL  STORAGE 

• PROVIDES  ENVIRONMENTAL  PROTECTION 
FOR  ON-ORBIT  QUIESCIENT  "STORAGE" 
OF  SATELLITES. 

CONCEPT  ONLY 

OPTICAL  ATTITUDE  TRANSFER  SYSTEM 

• MEASURES  PAYLOAD  BAY  DISTORTION 
RELATIVE  TO  THE  INERTIAL  MEASURE- 
MENT UNIT  (IUM)  PLATFORM,  HENCE 
TRANSFERRING  ATTITUDE  REFERENCE 
TO  SATELLITES  MORE  ACCURATELY. 

CONCEPT  ONLY 

O Q 
^ 13 
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CONCEPT  ONLY  f H 

LIGHTING  ENHANCEMENT 

• ENHANCES  LIGHTING  CAPABILITY.' 

DEXTEROUS  MANIPULATOR 

9 ENHANCES  REMOTE  "TELEOPERATQR” 
SERVICE  CAPABILITY. 

LIMITED  STUDY  ; 
UNDERWAY 

DE-ORBIT  PROPULSION  PACKAGE 

• PROVIDES  THE  CAPABILITY  TO  DE-ORBIT 

AND  PROPEL  EXPENDABLE  SATELLIES  TO 
EARTH. 

CONCEPT  ONLY 
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MANNED  MANEUVERING  UNIT/WORK  RESTRAINT 
UNIT  (MMU/WRU)  ADAPTATIONS 


PROXIMITY  OPERATIONS  MODULE  (POM)  - 
MTV  ADAPTATION 

rt— i— ■mwwww— pp  ip^a^i^B^agnBgBrtnBBnMBaHMieBMSicvitinvvvmg 


• RETRIEVAL  OF  SATELLITES  WITHIN  1000'  OF  ORBITER 

• FLIGHT  CONTROL  VIA  CREW  IN  ORBITER  AFD 


WITH  RMS  SNARE  END  EFFECTOR 


/ 


VERSATILE  SERVICE  ST.  -3E  (VSS)  - DEBRIS 

RETRIEVAL 


DEPLOYED  CONFIGURATION 


INERTIAL  UPPER  STAGE  (IUS) 


• IUS:  2-STAGE  SOLID  ROCKET  INERT I ALLY  STABILIZED  UPPER  STAGE 

f LAUNCHED  VIA  TITAN  (REPLACES  TRANSTAGE)  OR  STS 
8 PAYLOAD  CAPABILITY 

• 5000  LBS  TO  GEO  FROM  150  N.M.  PARKING  ORBIT 
8 INTERPLANETARY  VERSION  CANCELLED 
« PHYSICAL  DATA 
8 40,500  LBS 
8 18  FEET  LONG 
i 10  FOOT  PAYLOAD  DIAMETER 
8 STATUS 

8 TITAN  (DOD)  LAUNCH  NOVEMBER  1982 
8 STS  LAUNCH  JANUARY  1983  (STS  6 - TDRS) 


MSA-S-75-707 


TYPICAL  IUS  A4ISSION 
PAYLOAD  DEPLOYMENT 


preoeployment 

ACTIVATION 
t CHECKOUT 


PAYLOAD/ IUS 
CHECKOUT 

5 RELEASE 

6 IUS 

activation 


/ 


OHS  BURN 
550  X ISO  N HI 


/ 

cmpmcB 


napnnnaiaB| 

control  i 


DEORBIT 


FROM 

SCF 


PAYLOAD/ IUS 
deployment 


\ ^ 50  X 150  N HI  INSERTION 
N ET  SEPARATION 


8 IUS-ORDITER  | 
H SEPARATION  | 
« & IUS  INITIAL  ! 
■ BURN  * 
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^SRB  SEPARATION 
s launch 


ENTRY 


LANDING  ^ 


time  from  lift  off 


CENTAUR  AS  AN  ELEMENT  OF  THE  STS 
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8 CENTAUR  IS  A LEVEL  III  ELEMENT  OF  THE  STS 

8 OPERATIONAL  IN  THE  NATIONAL  INVENTORY  SINCE  1966 

8 MODIFICATIONS  FOR  OPERATIONS  OUT  OF  THE  SHUTTLE  ARE  INCOR- 
PORATED TO  PROVIDE  SAFETY  AT  AFFORDABLE  COST 

8 MISSION  ASSIGNMENTS 

8 GALILEO:  LAUNCH  APRIL/MAY  1985 

8 I SPM : LAUNCH  MAY  1986 

8 OPERATING  SYSTEMS 

8 CENTAUR:  CURRENT  SINGLE  STRING  PLUS  ADDED  FAILURE  TOLERANCE 

AS  REQUIRED  FOR  SAFETY 

8 CISS:  TWO-FAILURE  TOLERANT 

8 SAFETY  REVIEWS 

8 PHASE  1 SHUTTLE  PAYLOAD  SAFETY  REVIEWS  COMPLETED 

6 ELEMENT  SAFETY  REVIEWS  WILL  BE  CONDUCTED  AS  PART  OF  PDRs 
AND  CDRs 


■n 

-0  PI 

a & 


c 

e=: ; : 


OTV  BEHIND  ET  OTV  I N P / L BAY  CENTAUR 


GENERAL  EVOLUTION  PLAN 


18  FT  LONG 


15 -25 FT.  LONG 


/'wiDE-BODYS 


\ 


\ CENTAUR  / 

V / 


• 28  FT  LONG 


• -26  FT.  LONG 

• REUSABLE 

• ADD  AEROBRAKE 


f ADD  % 
-){  AEROBRAKE  V 


• 56  FOOT  PAYLOADS 

• CONFIGURED  FOR: 

- AEROBRAKE 
-LARGER  TANKS 

- SINGLE/DUAL 
ENGINE 


• REUSABLE 


LEGEND 


o 


GENERALLY  NEW 


' > MODIFICATION 


® 38  FT  LONG 
• CAN  RETRIEVE 
PAYLOADS 


f LGE.  TANKS  \ 
*tLGE.  AEROBRAKE}* 


S2ND  ENGINE/ 


• CAN  RETRIEVE 
PAYLOADS 
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OTV  BEHIND  ET  OTV  IN  P/L  BAY  CENTAUR 


INITIAL 


28  K 


“SHORT  WIDE  BODY" 
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GROWTH  OPTIONS 


ALL  AT  SAME  SCALE 

GENERIC  GROUND-BASED 
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AEROBRAKE  OR  BALLUTE 


55  K 


55  K 


DEPLOYABLl  AEROBRAKE 


SPACE  BASED 


CREW 

-CAPSULE 

(REF.) 


73  K propell 


LARGER  AEROBRAKE  OR  BALLUTE 
NEW  AIRFRAME 


75  K 


2 . 


FIXED  AEROBRAKE 
GINES;  SAME  AIRFRAME 
+ CRLW  CAPSULE 
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SPACE  STATION  FLUIDS  RESUPPLY  AND  MANAGEMENT 

• ORBITER  CAN  BE  USED  TO  DELIVER  RESUPPLY  FLUIDS  (PROPELLANT,  ETC.)  TO 
THE  SPACE  STATION  SYSTEM 

8 OPTIONS 

• MODULAR  (TANK  DELIVERY) 

8 PROPELLANT  TRANSFER  AND  STORAGE  (SPACE  STATION  DEPOT) 

8 MPS  PROPELLANT  SCAVENGING  OPTIONS 

8 OMS  PROPELLANT  SCAVENGING 

8 SPACE  STATION  FLUIDS  MANAGEMENT  SYSTEM  TRADE  STUDIES  ARE  REQUIRED  TO 
DEFINE  STS  ROLE  IN  FLUIDS  RESUPPLY 

8 STATUS : 

8 FLUID  MANAGEMENT  TECHNOLOGY  EFFORTS  BEING  FUNDED  BY  NASA/OAST 
8 STS  EXPERIMENT  IN  LATE  1980's 
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STATUS  OF  MAJOR  STS  IMPROVEMENTS 


(NOT  PRESENTLY  PROGRAMMED) 


ITEM 


APPROXIMATE  IMPLEMENTATION 
STATUS  LEAD  TIME,  YEARS 


I OMS 

I LANDING  WEIGHT  IMPROVEMENT 
S DOCKING  MODULE 

8 VERNIER  RCS  IMPROVEMENTS 

• EXPANDED  SEATING  ACCOMMO- 
DATIONS 


« STARBOARD  RMS 


f 8PSI  EMU/SUIT 


S PRELIMINARY  DESIGN  COMPLETE 

8 PRELIMINARY  DESIGN  AND  ANALY- 
SIS COMPLETE 

8 CONCEPTUAL  DESIGN  ONLY 

8 MECHANISMS  TECHNOLOGY  WORK  IN 
PROCESS 

8 PRELIMINARY  CONCEPT  SELECTED 

8 CONCEPTUAL  DESIGN  COMPLETE 

8 DETAILED  DESIGN  FOR  SEVEN 
SEATS  COMPLETE 

8 SIX  CREWMEN  ON  S/L-l  FLIGHT 
(9/83) 

8 DESIGN  COMPLETE 

8 CONTROL  SYSTEM  CAN  ACCOMMO- 
DATE TWO  UNITS  OPERATED 
SEQUENTIALLY 

8 TECHNOLOGY  DEMONSTRATION  1983 


2- 3 
3 

3- 5 


2 - A 
1 - 2 


o o 

a 

TJ  5 

SB 


S3  j=» 

:3  -a 
c & 
S R 

i=  S-3 


1 


3-5 


sas, isavj 


£ i mill  M 


MrtTTTgm  t ~ ■ - — m — r r-  : — 


SUM'  .ir!Y 


f MANY  OF  THE  STS  IMPROVEMENTS  OR  MODIFICATIONS  NOTED  IN  THIS  PRESENTA- 
TION ARE  NOT  CURRENTLY  PROGRAMMED  AND  ARE  THEREFORE  SUBJECT  TO  FUTURE 
FUNDING  LIMITATIONS 

• THE  STS  IS  A MATURING  SYSTEM  THAT  WILL  DERIVE  INCREASING  CAPABILITY 
FOR  SUPPORTING  THE  SPACE  STATION  SYSTEM  THROUGH: 

• EXPERIENCE 

• PROJECTED  IMPROVEMENT  TO  SYSTEMS 

• IMPLEMENTATION  OF  ADDITIONAL  (E.G.,  SPACE  STATION)  REQUIREMENTS 

• CONTINUING  DEFINITION  OF  THE  SPACE  STATION  SYSTEM  WILL  EVOLVE 

ADDITIONAL  REQUIREMENTS  THAT  WILL  PERMIT  FOCUSING  OF  STS  IMPROVE- 
MENT OPTIONS  AND  RESOURCES 

8 MAS  STUDIES  SHOULD  PROVIDE  THE  BASIS  FOR  SPACE  STATION-RELATED  STS 
IMPROVEMENT  REQUIREMENTS 
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SPACE  STATION  TECHNOLOGY 
STEERING  COMMITTEE  MEMBERS 


COMMITTEE  MEMBERS 


WALTER  B.  OLSTAD 

(HO) 

CHAIRMAN 

DELL  P.  WILLIAMS 

(HOI 

DEPUTY  CHAIRMAN 

RICHARD  F.  CARLISLE 

(HO) 

EXECUTIVE  SECRETARY 

CAROLYN  KIMBALL 

(HQ) 

RECORDING  SECRETARY 

LEONARD  HARRIS 

(HO) 

LEE  B.  HOLCOMB 

(HO) 

MARK  B.  NOLAN 

(HQ) 

PAUL  F.  HOLLOWAY 

(LARC) 

HENRY  PLOTKIN 

(GSFC) 

ANDREW  PICKETT 

(KSC) 

ALLEN  LOUVIERE 

(JSC) 

LAWRENCE  ROSS 

(LERC) 

WILLIAM  HUBER 

JMSFG) 

KENNETH  C.  COON 

(JPL) 

JOSEPH  SHARP 

(ARC) 

NASA 
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NASA  HQ  RS82-1629m 
8-1982 
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SPACE  STATION  TECHNOLOGY 
STEERING  COMMITTEE  WORKING  GROUPS 


WORKING  GROUPS 


DATA  MANAGEMENT 


ENVIRONMENTAL  CONTROL 
& LIFE  SUPPORT 


SYSTEMS/OPERATIONS 

TECHNOLOGY 


ATTITUDE  CONTROL.  & 
STABILIZATION 


POWER 

THERMAL 

AUXILIARY  PROPULSION 
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SPACE  STATION 

TECHNOLOGY  STEERING  COMMITTEE 

GOALS  AND  OBJECTIVES 


PROVIDE  BROAD  AGENCY  GUIDANCE  IN  THE  INITIATION  AND 
IMPLEMENTATION  OF  TECHNOLOGY  DEVELOPMENT  PROGRAMS  TO 
SUPPORT  AN  AGENCY  THRUST  TO  ESTABLISH  MANNED  PERMANENT 
OCCUPANCY  OF  SPACE 


1.  ESTABLISH  THE  DESIRED  LEVEL  OF  TECHNOLOGY  TO  BE  USED  IN  THE 

INITIAL  DESIGN  AND  OPERATION  OF  AN  EVOLUTIONARY  LONG-LIFE  ® S 

SPACE  STATION  AND  THE  LONGER  TERM  TECHNOLOGY  TO  BE  USED  I 

FOR  LATER  APPLICATION  FOR  IMPROVED  CAPABILITIES.  INITIAL  B jf 

TECHNOLOGY  SHOULD  BE  AVAILABLE  BY  APPROXIMATELY  1986  TO  » ^ 

SUPPORT  A SPACE  STATION  LAUNCH  AS  EARLY  AS  1990  S ■ 

2.  ASSESS  THE  LEVEL  OF  TECHNOLOGY  FORECAST  TO  BE  AVAILABLE  < c 

FROM  THAT  PORTION  OF  THE  CURRENT  BASE  R&T  PROGRAM  WHICH 

WILL  BE  APPLICABLE  TO  A SPACE  STATION 

3.  PLAN,  RECOMMEND,  AND  MONITOR  A PROGRAM  TO  MOVE  THE 
CURRENT  TECHNOLOGY  TO  THE  LEVEL  STATED  IN  NUMBER  ONE  ABOVE 

4.  IDENTIFY,  EVALUATE,  AND  RECOMMEND  OPPORTUNITIES  TO  UTILIZE 
THE  SPACE  STATION  AS  AN  R&T  FACILITY 
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SPACE  STATION  TECHNOLOGY 
WORKING  GROUP 

INITIAL  GROUND  RULES 
REVISION  A,  APRIL  1982 


o WILL  BE  IN  LEO 

*o  WILL  BE  SUPPORTED  BY  THE  SHUTTLE,  INITIALLY  ON  90  DAY  CYCLES 


*o  SHALL  HAVE  A DESIGN  GOAL  FOR  INDEFINITE  LIFE  THROUGH  ON-ORBIT 
MAINTENANCE 


o SHALL  HAVE  MODULAR-EVOLUTIONARY  DESIGN  THAT  PERMITS  GROWTH 
AND  ACCEPTS  NEW  TECHNOLOGY 

o LIFE-CYCLE  COST  (DEVELOPMENT,  OPERATION.  MAINTENANCE, 

UTILIZATION)  IS  A TECHNOLOGY  DRIVER 

O INITIAL  PLANNING  ASSUMES  A PHASE  C/D  START  BY  OR  BEFORE  FY  1986  Q Q 
TO  SUPPORT  A FLIGHT  AS  EARLY  AS  1990  £ g 

o INCLUDE  TECHNOLOGY  TO  SUPPORT  MISSION  OBJECTIVES  BUT  NOT  THE  1 1 
TECHNOLOGY  TO  DEVELOP  PAYLOADS  ^ ^ 

o INCLUDE  TECHNOLOGY  TO  INTERFACE  WITH  SPACE  TRANSPORTATION  ; 

SYSTEMS  BUT  NOT  TECHNOLOGY  TO  DEVELOP  NEW  TRANSPORTATION  ‘ 

VEHICLES 

o COMMUNICATIONS  SHALL  BE  COMPATIBLE  WITH  TDRSS/TDAS,  FREE- 
FLYERS,  OTV'S  AND  SHUTTLE 

o SHALL  PROVIDE  FOR  NON-HAZARDOUS,  PLANNED  REENTRY 


O SHALL  BE  A 
PHASE 

CHANGE  BY  REVISION  A,  APRIL  1982 


SYSTEM,  THOUGH  NOT  NECESSARILY  IN  THE  FIRST 
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SPACE  TTATION  SCMEDULF  OF  ACTIV'ITY 
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BUDGET  CYCLE 


OAST  RTOP  CYCLE 

SPACE  STATION 
TECHNOLOGY  STEERING 
COMMITTEE 

WORKING  GROUPS 


SPACE  STATION 
TECHNOLOGY  STEERING 
COMMITTEE  MEETINGS 
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EARLY  CONCLUSIONS 


O A SPACE  STATION  COMPARABLE  TO  SALYUTS  6 AND  7 
COULD  BE  BUILT  WITH  CURRENT  (SKYLAB)  TECHNOLOGY 

o AFFORDABLE  GROWTH  POTENTIAL  WOULD  NOT  BE 
AVAILABLE 

o LIFE  CYCLE  COSTS  WOULD  NOT  BE  CONSIDERED 

o INDEFINITE  LIFE  THROUGH  ON-ORBIT  MAINTENANCE 
WOULD  NOT  BE  COST  EFFECTIVE 

o COMMUNICATIONS  WOULD  NOT  BE  COMPATIBLE  WITH 
CURRENT  SYSTEMS 


NASA 
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BALANCED  TECHNOLOGY  PROGRAM 
DEFINED  BY  THEMES 


o THEMES  DEFINE  TECHNOLOGY  THRUSTS  THAT  WILL 
ENABLE  FUTURE  PROGRAM  NEEDS 

o THEMES  WILL  BE  ACCOMPLISHED  BY  THE  DEVELOPMENT 
OF  INDIVIDUAL  DISCIPLINE  TASKS  OR  THE  INTEGRATION 
OF  SEVERAL  DISCIPLINE  TASKS 

o TASKS  WILL  BE  PLANNED,  SCHEDULED,  FUNDED,  AND 
EXECUTED  BY  DISCIPLINE 
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SOME  TASKS  SYNERGISTIC  TO  MULTIPLE  THEMES 
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HUMAN  CAPABILITY  IN  SPACE  BENEFITS 


° PHASED  utilization  of  human  capabilities  in  initial 

AND  EVOLUTIONARY  SPACE  STATION 

o PROVIDES  EVOLUTIONARY  TRANSITION  FROM  MANUAL 
TO  AUTOMATED  OPERATION 


° PROVIDES  COMPATIBILITY  OF  MAN  WITH  AUTOMATED 
SYSTEMS  AND  MAN-MACHINE  ENVIRONMENT 

o OPTIMIZES  HUMAN  FtOLi  AiiC  PRODUCTIVITY  FOR  ON- 

BOAS!  > GffiRAT.  9M8 
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AUTOMATION  BENEFITS 


O THIS  TECHNOLOGY  HAS  HIGH  LEVERAGE  ON  LIFE-CYCLE 
COSTS 

o CAN  ELIMINATE  NEED  FOR  VAST  MAJORITY  OF 
GROUND-BASED  FLIGHT  CONTROLLERS 

o CAN  MINIMIZE  MAINTENANCE,  REPAIR  AND  UPGRADE 
COSTS 


° UTILIZES  MAN-IN-THE-LOOP  IN  SUPERVISORY  CAPACITY 
o EXTENDS  HUMAN  CAPABILITY  TO  REMOTE  OPERATIONS 
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YSTEM 


• MAGNETIC  BUBBLE  DEVICES  g! 

§g 

• INTEGRATED  SOFTWARE  DEVELOPMENT  |S 

& MANAGEMENT 

J ‘ ^ 

1 r 

• ADAPTIVE  DATA  NETWORKING 

• AUTOMATIC  SELF  TEST 

• FAULT  DETECTION.  ISOLATION  & CORRECTION 
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SYSTEM  BENEFITS 


O ROBUST  ON  BOARD  COMPUTATIONAL  CAPABILITY  AND 
ADAPTIVE  NETWORK  ARCHITECTURE  ALLOWS 
EVOLUTIONARY  GROWTH 

o HIGH  SPEED,  HIGH  CAPACITY  PROCESSING  AND  HIGH 
SPEED  BUSS  SERVES  VARIETY  OF  ENVISIONED 
APPLICATIONS 

o HIGH  RELIABILITY  VIA  FAULT  TOLERANT  HARDWARE  AND 
SOFTWARE 

o PROVIDES  CAPABILITY  FOR  INTEGRATED  AVIONICS 
SYSTEM  FOR  ON-BOARD  CONTROL  AND  MANAGEMENT  OF 
SPACE  STATION  FUNCTIONS,  PAYLOADS,  AND  REMOTE 
OPERATIONS 

o HIGH  LEVERAGE  ON  LIFE  CYCLE  COST  VIA  REDUCED 
GROUND  SUPPORT  REQUIREMENT 

o GREAT  POTENTIAL  FOR  SECONDARY  APPLICATION 
ACROSS  BROAD  RANGE  OF  PUBLIC  AND  COMMERCIAL 
ENDEAVORS 
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ENERGY  MANAGEMENT  CHARACTERISTICS 


o HIGH  CAPACITY  ENERGY  STORAGE 
o IMPROVED  PERFORMANCE  SOLAR  ARRAYS 
o FUEL  CELL  ELECTROLYSIS 
o AUTOMATED  POWER  SUB-SYSTEM 
o HIGH  VOLTAGE/POWER  COMPONENTS 
o BULK  POWER  TRANSFER 

o INTEGRATED  THERMAL  UTILITY/THERMAL  BUS 
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ENERGY  MANAGEMENT  BENEFITS 


o OPTIMIZATION  OF  POWER  & THERMAL  SYSTEM 
INTEGRATION 

o MINIMUM  AREA  ARRAY  & RADIATOR  REDUCES  DRAG 

o UTILIZATION  OF  WASTE  HEAT  SAVES  ENERGY 

o AUTOMATION  REDUCES  OPERATION  COST  AND  IMPROVES 
PERFORMANCE 

o HIGHLY  INTERACTIVE  WITH  ALL  OTHER  SUBSYSTEMS, 
PAYLOADS,  & OPERATIONS 

o HIGH  VOLTAGE/POWER  SYSTEM  ADVANTAGE 

o NiH2  BATTERY  AVAILABLE  FOR  INITIAL  STATION 
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• PREDICTIVE  METHODS  FOR  LARGE 
SPACECRAFT  RESPONSE 

• INTEGRATED  ANALYSIS  METHODS 
(STRUCTURAL/THERMAL/CONTROLS) 

• ADVANCED  MATERIALS  & DEVICES  FOR  ACTIVE/PASSIVE 


• ADVANCED  G&C  COMPONENTS 


• RENDEZVOUS,  DOCKING,  BERTHING  SYSTEMS 

• ADVANCED  MECHANISMS 
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EVOLUTIONARY  ATTITUDE  CONTROL  AND 
STABILIZATION  BENEFITS 


o INTEGRATED  ANALYTICAL  TECHNOLOGIES  FOR 
PREDICTING  DYNAMIC/CONTROL  RESPONSE  OF 
LOW  FREQUENCY,  HIGHLY  NON-LINEAR  SYSTEMS 


o ADVANCED  SENSORS  AND  ALGORITHMS  FOR  IN-SITU 
SYSTEMS  IDENTIFICATION 


O 


HIGH  PERFORMA 
OF  ST:  - ■ CTURAL 


UH 


FOR  CONTROL 
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"S^TROL  FOR  MULTI-FUNCTIONAL  OPERATION 
B ^ ALLY  COUPLED  MULTI-BODY  SYSTEMS 
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HYDROGEN-OXYGEN 
FLUID  SYSTEMS  BENEFITS 


O CAN  BE  USED  FOR  PROPELLANTS,  FUEL  CELLS,  LIFE 
SUPPORT,  AND  COOLANTS 

o POTENTIAL  SIMPLIFICATIONS  IN  OPERATIONS, 
MAINTENANCE  AND  RESUPPLY 

o FLUIDS  CAN  BE  SCAVENGED  FROM  EXTERNAL  TANKS 
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SUMMARY 


TECHNOLOGY  READINESS  FOR  INITIAL  STATION  DRIVES 
SPEND  PLAN 

EVOLUTIONARY  REQUIREMENTS  IMPACT  ON  INITIAL 
STATION  DESIGN 

TECHNOLOGY  PROVIDES  OPTIONS  TO  PROGRAM 
UP  FRONT  TECHNOLOGY  MONEY  IS  HIGH  LEVERAGE 

- FUELS  ADVANCED  DEVELOPMENT  PROGRAM 

- ENHANCES  STATION  CAPABILITY  AND  UTILITY 

- ALLOWS  EVOLUTIONARY  GROWTH  IN  PERFORMANCE 

- LOWERS  LIFE  CYCLE  COST 

- REDUCES  RISK  TO  PROJECT  COST  AND  SCHEDULE 
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CONCEPTUAL  ARCHITECTURES  FOR  A SPACE  STATION 


DANIEL  H.  HERMAN 
DIRECTOR 

SPACE  STATION  CONCEPT  DEVELOPMENT 
NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
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PLATFORMS 
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PLATFORM 
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PLATFORM 


LOW  INCLINATION  BASE 
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ELEMENTS  OF  THE  SPACE-BASED  INFRASTRUCTURE 


Ivan  Bekey 

Director,  Advanced  Planning 
Office  of  Space  Flight 
NASA  Headquarters 


Contractor  Orientation  Meetings 
Space  Station  Needs,  Attributes  and  Architectural  Options 
September  14  & 15,  1982 
Washington,  D.C. 
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BUSH  PERMANENT  PRESENCE  IN  SPACE 

• INFRASTRUCTURE  OF  ELEMENTS 

• MANNED  AND  UNMANNED  COMPONENTS 

• IN  sJW  ORBIT  BY  1990 

• MOJED  IN  GEO  BY  2000 


REQUIRED  ELEMENTS 


j ORBITAL  TRANSFER  VEHICLES 
I "LOCAL"  MANEUVERING  VEHICLES 

f docking/grappling/handling 

( MODULE  CHANGEOUT  MECHANISMS 


FREE-FLYERS  AND  TETHERED 
LEO  AND  GEO 


{LEO  SPACE  STATION 
GEO  SORTIE  HANGAR 
CREW  CAPSULE  FOR  OTV 


SSEcaK-i 


/ 


M20B4 


ELEMENTS  OF 


i 


4, 


CANDIDATE 

platform  payload. 

n t 


uv  astronomy 
(OSS-3) 


PORT  B 

ELECTROPHORESIS 

(EOS) 


|R  ASTRONOMY 

(IRT) 


electrophoresis 
RESUPPLY  (EOS) 


SOLAR  OPTICAL 
TELESCOPE  (SOT) 


SHUTTLE  IR 
TELESCOPE  ISIRTF) 


uv  astronomy 
(STARLAB) 


earth  RADAR 

(SAR/OWDS/ ALS) 

materials 

PROCESSING 

environmental 
OBS.  (LIDAR) 


advanced  solar 

OBSERVATORY 


materials 

processing 


shuttle  IR 

•»:  (SIRTF) 


EARTH  radar 

(SAR/OWDS/ ALS) 


JT  ENTEAVOR 


PORT  C 


COSMIC  RAYS 
ICRN) 

■ hay  ASTRONOMY 
10SS-2) 


ACTIVE  PLASMA 
wXPS.  (SEPAC/WISP) 

.DIO  ASTRONOMY 
(VLBl) 


COSMIC  RAYS 
(TRIC) 
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OPERATIONAL  DEDICATED  PLATFORMS 

for  Astronomy,  Material  Processing  and  Earth  Observation 


POWER  SOURCiu  FoR  Sn^.  - 

SPACE  STATION 


collect: 

BALLOON 


EARTH’S 

MAGNETIC 

FIELD 


TETHER  LENGTH 


— 2mm  DIA  WIRE 


1.  CURRE  T,  AMPS 

2.  VOLTAGE 

NET  POWER  TO 
3‘  PAYLOADS 

ELECTRODYNAMiC 
4.  DECELERATING 
FORCE 


jA.  20km 

b.  50km 

3a 

5a 

3.2kv 

7.4kv 

8kw 

33kw 

0.3  lb 

1 lb 

5a 

14.7fcv 

70kw 

1.8  lb 


5.  ORBITER  ALTITUDE  21  DAYS  7 DAYS  4 DAYS 
DECREASE  = 20  n.mi. 


ARTIFICIAL  GRAVITY  FOR  SPACE  STATION 


COUNTERWEIGHT 
(MASS  EQUAL  TO 
STATION 


400Km  TETHER*^ 


SPACE  STATION  IN 
LEO 


ZERO  G 
PALLET 


• GRAVITY  IN  STATION-  ^10  G 

« HABITATS  AND  WORKSHOPS  DESIGNED  AND 
OPERATED  AS  ON  EARTH 

• DRAG  MAKEUP  NEEDED  ONLY  HALF 
AS  OFTEN 

• An ITUDE CONTROL  PROPELLANT  SAVINGS 

• VARIABLE  GRAVITY  (0-0l  lg)  CAN  BE 

OBTAINED  FOR  EXPERIMENTS  ON  4 PALLET 


o o 

■n  50 


TETHERED  EXPERIMENT, 
OR  PAYLOAD  LAUNCHER 


ASTROPHYSICS 

PLATFORM 


SHUTTLE  EXTERNAL  TANKS 
"RAFTED"  TOGETHER 


ZERO  ENERGY 
ELEVATORS^ 


1/4  INCH  DIA.  KEVLAR 
TETHERS 


10-20Km 


DIRECTION 
OF  ORBIT 


EARTH  VIEWING 
PLATFORM  ^ 


EARTH 


TELEOPERATOR  MANEUVERING  SYSTEM 


PAYLOAD 

OPERATIONS 

PANELS 


PAYLOAD  OPERATIONS 
DISPLAYS  AND 
CONTROLS 


MtSSIO  OPERATION 
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STS  PERFORMANCE  ENHANCEMENT  USING  TMS 


PAYLOAD 

WEIGHT 

(LB) 

ETR 


PAYLOAD 

WEIGHT 

(LB) 

WTR 


NASA  HO  MTSM47S  HI 
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REUSABLE  OTV  EVOLUTION 


EXPENDABLE 
'SIZE  FOR  AEROBRAKE 
& LARGER  TANK 
• 55K  PROPELLANT  CAPY. 


• FULL  CAPABILITY  • SPACE  BASED 

(GROUND  BASED)  • MANRATED 

• ADD  AEROBRAKE  (2 ENGINES) 

• LARGER  TANK 
(75K  PROPELLANT) 


PAYLOAD  POTENTIAL  (POUNDS.  APPROX.) 


OTV  -1  OTV -2 

DELIVERY  (EXPENDABLE)  21.5K  21  5K 

DELIVERY  (REUSABLE)  0 16. 5K 

RETRIEVAL  0 >17K 

ROUND  TRIP  n 8. 5K 


OTV -3 
37K 
27K 
>28K 
12. 6K  * 


‘APPROXIMATE  REQUIREMENT  FOR  "FUNCTIONAL  MINIMUM"- 2-MAN  GEO  SORTIE 


ORIGINAL  PACE  IS 
OF  POOR  QUALITY 


•'**>/*> 


figure  1 


The  ET  Can  Be  Placed  And  Kept  In  Orbit  Easily  And  Economically 


MIS.  ION  PROFILE 


alternate 
trajectory 
WITH  ET 


baseline 

trajectory 


\ 


a 

s 60 

£ 


ET/ACC  TO  ORBIT  PERFORMANCE 


OR8ITER 


ORBITER/ET/ACC 


SPACE  STATION  ORBITAL  FcRFORMANCI  DATA 
("CONFIGURATION  ” | PAYLOAD  CLOS) 


ORBITER  ONLY 
ORDITER  WITH  ET 
ORBITER  WITH  ET/ACC 
ENHANCED  STS  WITH  ET/ACC 


12.000 

64.000 

49.000 
•5.00" 


40 


CIRCULAR  ORBIT  ALTITUDE  IN. Mil 


i 


nm 


SURVEY  SHOWS  MA  ?Y  FLIGiJi  > H VE 
EXCESS  CAPACITY 

Finl  10  Shuttle  ftighU  Orblltf  Inclination  (dag) 


29  flights 


DoO 


65  to  57 


TtSl 


weight  A 
orbMsi 

characteristics 


32  to  35 


Launch 

Orb* 

Shuttle 

Total 

Equhr 

Excess 

Capability 

Payload 

Aliliuda 

Capability 

Payload 

to  350  km 

(»b) 

(»<m) 

(lb) 

(lb) 

(lb) 

a 

27.273 

298 

64,600 

31.300 

33,300 

12 

3i(879 

400 

68.400 

32,000 

26,400 

13 



39,187 

400 

58,400 

43.200 

15.200 

46 

29.280 

33.300 

31,300 

46 

24.692 

370 

63.500 

24,700 

38.800 

ats  084.600  650.300  434.300 


Avarage  contingency  payload  capability  — 434,300 


Adjusted  to  astimated  20%  loss  - 35%  984.600 
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KEY  RECOMMENDATIONS  OF  AUGUST  23-27  MEETING 


t FLY  U.S. -ITALIAN  TETHER  SATELLITE  EXPERIMENT  A.S.A.P, 


ET  OFFERS  OPPORTUNITIES  IN  THE  1980‘s  WITHIN  THE  PRESENT 
STS  PROGRAM 


ET  APPEARS  TO  OFFER  A BROAD  RANGE  OF  OPTIONS  FOR  AN  INCREMENTALLY 
DEVELOPED  SPACE  STATION  PROGRAM 


NASA  SHOULD  CONDUCT  SERIOUS  AND  DETAILED  STUDIES  OF  ET 
UTILIZATION.  REQUIREMENTS  FOR  ET  HARDWARE  MODIFICATION  SHOULD 
BE  DEFINED.  LOOK  AT  WIDE  RANGE  OF  APPLICATIONS. 
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Figure  8.  Two  possible  configurations  of  an  External  Tank  plus 
PtiDR  (Pallet  Mounted  Oeployer-Retriever) . The  left 
hand  conf iguration  is  preferred  because  it  has  a 
lower  A/H  ratio  than  the  right  hand  configuration. 


ALTITUDE. NAUTICAL  MILES 


FIGURE  3 


PYT-qMAI  TANK  ALTITUDE  vs.  TIME  IN  ORBIT 

-INITIAl  ORBIT  ALTITUDE  500  km  (270 nm) 
-NO  ORBIT  MAKEUP  PROPULSION  USED 
-STABLE  ATTITUDES 


MINIMUM  DRAG  ORIENTATION 
- PROVIDED  BY  TETHER 


r.  --  * 


I . 


NATURAL 

GRAVITY 

GRADIENT 

ORIENTATION 


WAX  ' NOM 
ATMOSPHERE 


TIME  .YEARS 


7F3 
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TETHER  PRIORITIES  AND  TASKS 


1.  FLY  TETHERED  SUBSATELLITE  A.S.A.P.  EXPLORE  ITS  TECHNOLOGY  AS 
BASIS  FOR  ET  APPLICATIONS. 

2.  PLAN  STORAGE  OF  ONE  OR  MORE  TETHERED  ET'S  IN  ORBIT. 

3.  TETHER-RELATED  ISSUES  NEEDING  EARLY  STUDY: 

(a)  ENHANCEMENT  OF  SPACE  STATION  CAPABILITIES  USING  TETHERS 

(b)  TETHER  MATERIALS  AND  HARDWARE  FOR  LONG-TERM  USE 

(c)  ELECTRODYNAMICS  OF  TETHERS 

(d)  PROCEDURES  FOR  RENDEZVOUS  CAPTURE  OF  ORBITING  OBJECTS 
BY  TETHERS 

(•)  PRECISE  CONTROL  OF  EXCITATION  AND  DAMPING  OF  OSCILLATIONS 
(f)  VARIOUS  DESIGN  TRADEOFFS 

4.  CONSIDER  TETHER- IT  SYSTEMS  FOR  STS  ENCHANCEMENT. 
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APPLICATIONS  OF  THE  ET 
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APPLICATIONS  OF  THE  ET 
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PROOF  OF  CONCEPT  — TETHER 


LIFEBOAT 

ENHANCED  CARGO  CAPABILITY  (ACC  OR  ALTERNATIVE) 
SCIENCE  (OCCULTATION,  ETC.) 

LONG  DURATION  EXPERIMENTS  (BIOLOGY,  COSMIC  RAYS) 


MILITARY 


TANK  UNMODIFIED  OR  WITH  TETHER  ATTACHMENT 
PROPELLANT  SCAVENGING 

36"  AIR  LOCK  ATTACHED  TO  PORT  OR  PORTS;  SENSORS  AND 
PERHAPS  ATTITUDE  CONTROL  PACKAGE 

ENHANCED  CARGO  CAPABILITY  — ACC  OR  OTHER 

ORBIT  BOOST/MAINTENANCE  CAPABILITY 

JOINING  HARDWARE  FOR  MULTIPLE  TANK  ASSEMBLY 


PARTICIPANTS  by  institution 


UCSD- CALIFORNIA  SPACE  INSTITUTE  (12) 
-OTHER  DEPARTMENTS  (3) 

RAND  CORPORATION  (1) 

TRW  INC.  (3) 

LOCKHEED  MISSILES  » SP.  0) 

HARVARD- SMITHSONIAN  INST.  ASTROPHYS.  (I) 

BALL  AEROSPACE  SYS.  (2) 

MARTIN-MARIETTA  AEROSPACE 
-DENVER  (1) 

-MICHOUD  (I) 

LA  JOLLA  INSTITUTE  (1) 

JET  PROPULSION  LAB.  (2) 

GENERAL  DYNAMICS-CONVAIR  (1) 

MASS.  INSTITUTE  TECHNOLOGY  (I) 


SCIENCE  APPLICATIONS  INC.  (1) 
AEROSPACE  CORP.  (2) 

NASA- AMES  (1) 

MCDONNEL-DOUGLAS 

-Huntington  Beach  (1) 

-St.  Louis  (1) 

LOS  ALAMOS  NAT.  LABS.  (1) 

ROCKWELL  INTERNATIONAL-DOWNEY  (1) 
NASA — MARSHAL  SP.  FLIGHT  CENTER  (1) 
PURDUE  UNIVERSITY  (LAB.  APPLIED 
INDUSTRIAL  CONTROLS)  0) 
NASA  HEADQUARTERS  0) 

ENERGY  SCIENCES  LAB.  (1) 

TAYLOR  & ASSOCIATES  (1) 

CONSULTANTS  (unpaid)  (4)  
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SPACE  STATION  PROGRAM  DEFINITION 


ATTACHMENT  A 


CANDIDATE  TECHNOLOGY  DEVELOPMENT  MISSIONS 


PRESENTED  AT 

CONTRACTOR  ORIENTATION  BRIEFING 
SEPTEMBER  14-13,  1982 
NASA  HEADQUARTERS 
WASHINGTON,  D.C. 


S.  V.  MANSON 
NASA  HO 
RSS-5 


FOREWORD 
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The  candidate  technology  development  missions  described  in  this 
attachment  were  prepared  at  the  NASA  Field  Centers  with 
coordination  and  participation  by  the  Technology  Development 
Working  Group  (a  unit  of  the  Mission  Requirements  Working  Group). 
The  members  of  the  Technology  Development  Working  Group  ares 


OAST/RSS-5 

SIMON  M ANSON  (CHAIRMAN) 

OAST/RTS-6 

JUDITH  AMBRUS,  DENNIS  FLOOD 

OSTS/MTC-3 

JESCO  VON  PUTTKAMER 

MSFC 

WILLIAM  WALES 

JSC 

FRANK  GARCIA,  RICHARD  KENNEDY 

LERC 

THOMAS  LABUS 

LARC 

EARLE  HUCKINS 

ARC 

DAVID  ENNIS 

GSFC 

DAVID  SUDDETH 

JPL 

JAMES  RANDOLPH 

The  candidate  missions  are  grouped  by  Field  Center  and  are  listed 
appr  o>:  i matel  y in  the  order  received.  Evaluation,  integration  and 
time-phasing  of  the  missions  remain  to  be  performed. 

The  missions  were  defined  by  NASA  staff  and  they  identify  areas 
o*  technology  need  and  interest.  However,  they  are  not,  at 
present,  officially  approved  NASA  projects. 


6.  V.  Hanson 
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CANDIDATE  TECHNOLOGY  DEVELOPMENT  MISSIONS  DESCRIBED  IN 

ATTACHMENT  A 


Crew  System*: 

- Emesis  Station 

- Dishwasher/Clothes  Washer  Appliances 

Long  Term  Cryogenic  Fluid  Storage  Technology 
Fluid  Management  Technology 
Fire  Safety  Technology 

Controlled  Acceleration  Propulsion  Technology 
Large  Space  Power  System  Technology  Demonstration 
Ion  Thruster  Effects  on  LEO  Power  Systems 
Liquid  Droplet  Radiator 

Large  Structure  Technology  Experiments 
Attitude  Control 

* System  Identification  Experiment 

- Adaptive  Control  Experiment 
Distributed  Control  Experiment 

Zero  "Q"  Antenna  Range  Communications  Experiment 
Laser  Communication  and  Tracking  Development  Experiment 
Teleoperator  Real  Time  Communications  Experiment 
Multi -Frequency  High  Gain  Antenna  Control  Experiment 

Space  Structures  Technology  Devel opment /Dynami cs  of  Lightly 
Loaded  Structures 

Spacecraft  Strain  and  Acoustic  Emission  Sensors 
Spacecraft  Materials  Technology 
Spacecraft  Control  Technology  Development 

- Advanced  Adaptive  Control  Technology  Demonstration 

- Advanced  Control  Device  Technology  Demonstration 
” Thermal  Shape  Control  Technology 

Large  Antenna  Devel opment /LSA  Short  and  Long  Baseline 
Technology  Development  and  Utilization 
Earth  Observations  Instrument  Development: 

- MAPS  (Measurement  of  Air  Pollution  from  Satellite) 

- C02  Lidar  for  Atmospheric  Trace  Gas  Concentrat i on  and  Wind 

Vel oci ty/Transport  Measurements 

- Satellite  Doppler  Meteorological  Radar  Technology 

Development 

- Microwave  Remote  Sensing  Technology  - Passive  Systems 

- Earthbound  Oriented  Instrument  Development 
Advanced  Energetics  Research: 

- Deployment  and  Testing  of  Large  Solar  Concentrator 

- Test  Solar — Pumped  Lasers 

“ Laser  to-Electric  Energy  Conversion 

- Laser  Propulsion  Test 

“ Solar-Sustained  Plasmas 
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Electronic*  Material*  Proce»»ing* 

- Growth  of  Compound  Semi  conductor  Crystal* 

Growth  o*  Thin  Single  Crystal  Rhodium  Wafers 
Space  Manufacturing  and  Processing  Technology  Development 
/Fabrication  of  Lightweight  Cryogenic  Meat  Pipe* 

Space  Teleoperator  System*  Research/Manipul ator  Controls 
Technol ogy 

Space  Station  Acoustic*  Control  Technology  Devel opment /Noi se 
and  Vibration  Habitability  Criteria  Validation 

Active  Optics  Technology 
Cryogenic  Lifetime  Technology 
Space  Component  Lifetime  Technology 
Material*  and  Coating  Technology 

Large  Space  Structure  Technology 
Satellite  Servicing  Technology 
OTV  Servicing  Technology 

Tether  Dynamic*  Technology 

Earth  Observation  Sensor  Definition 

Earth  Feature  I dent i f 1 cat i on  Analysis  Technique*  and  Automated 
System*  Definition 

Earth  Observing  Technique  Development 
Material*  Processing  Technology 

- Process  and  Technique  Analysis  and  System  and  Procedure 
Development 

El  ectrophor esi * Separation  of  Medical  Materials  Technology 
Low  Cost  Modular  Solar  Panel  Technology 
Geodesic  Spherical  Structures  .Technol ogy 


Zero-Gravity  Bromine  Phase  Separation  Experiment 


* 


v<r  «i  1* 
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Richard  Kennedy 
Johnson  Space  Center 


CREW  SYSTEMS  - EMESIS  STATION 


I .  Mission  Objective 

To  provide  the  technology  development  and  demonstration  of  the  system 
required  for  emesis  collection,  face  wash,  and  cleanup. 

II .  Mission  Description 

By  provisioning  the  initial  configuration  with  an  emesis  station,  this 
mission  will  provide  for  direct  crew  Involvement  with  the  system  in  the 
actual  operating  environment.  Operation  by  the  crew  will  be  under 
simulated  conditions  or,  if  required,  under  actual  emesis  circumstances. 

Ill .  Benefit 

Because  of  the  specialized  application  of  this  type  of  system,  minimal 
technology  will  be  available  for  transfer  to  the  private  sector.  Any 
manned  space  mission  with  a system  capability  to  accommodate  such  a 
station  will  benefit  directly  from  this  technology  development  for 
both  long  and  short  duration  space  missions. 

IV.  Justification 

The  primary  concern  with  the  emesis  station  development  is  with  the 
overall  crew  acceptance  of  the  setup,  operation,  and  cleanup  aspects. 
In-flight  experience  in  the  actual  operating  environment  will  provide 
valuable  information  on  design  or  procedures  modifications  which  may 
be  required. 

V.  Mission  Requirements  and  Capabilities 

A)  Orbital  parameters  - None 

B)  Mass  and  volume  - The  facility  will  be  sized  to  accommodate  two  r rr^n, 

C)  Power  - No  unique  requirements 

D)  Thermal  Control  - No  unique  requirements 

E)  Attitude,  stabilization  - No  unique  requirements 

F)  Viewing  - No  requirement 

G;  Environmental  constraints  - No  unique  requirements 

H, I ) Data  management,  communications,  crew  timeline  - Crew  participat 
in  simulated  conditions  or  under  actual  emesis  circumstances  as 
required 


t* 


--  -t  . 


X 


r 


J'  Operations  schedule,  maintenance,  lifetime  - TB 
VI.  Space  Station  vs  Free  Flyer 

This  mission  will  be  conducted  on  the  Space  Station 

k 
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Richard  Kennedy 
Johnson  Space  Center 


CREW  SYSTEMS  - DISHWASHER/CLOTHES  WASHER  APPLIANCES 


I • Mission  Objectives 

permanen  t %ab  1 1 ability?**  b‘Se  f°r  SUPP°rt  s"stems  re«uired  for 


II .  Mission  Descrltpion 

This  mission  will  provide  the  conditions  necessary  for  the  technology 

ann*ratment  !!nd  demonstration  of  appliances  required  to  cleanse  eating 

Initial  Snare  ct!^  aPPareL  Th1?  mission  can  be  accommodated  on  the  9 
tnlhf  Space  Station  configuration  with  the  technology  transferrable 
to  the  evolutionary  growth  configuration.  w^erraDie 

III.  Benefit 


Snwje  mUl!V?eC,!a1iZed  aPD,ication  of  this  type  of  appliance,  there 

private  slrtnr  °9e  Th8t  1s  d1rect1*  transferrable  to  the 

P.  sector.  The  benefits  to  be  derived  will  be  directly  applicable 

svstenseVandVrhPryt/9t0WtIl  f?4C!  ?mion»  future  manned  military  space 
systems,  and  other  yet  undefined  long-duration  manned  space  ventures. 

I V .  Justification 


For  permwent  manned  habUability,  food  service  and  apparel  washing 
tfrh  Vre  f556"41?1  t0  minimize  or  eliminate  logistical  resupply 
ThK^-J  s requi!:ed  since  curr6nt  techniques  are  gravity-dependent 

environment  °r^ * PvPer’?  deve1oPed  and  demonstrated  In  an  operational 
? nnn°?Ie  tf  5 liminate  standard  clothing  resupply  requirements  of 

X?  100  cubic  feet  each  90-da>  Period  (8  ^er  crew)  The 

and  the  S^Stei"  t0  !|andle  space  suit  1 iquld-cooled  undergarments 

and  the  food  services  can  double  or  triple  this  savings.  9 

v*  Mission  Requirements  and  Capabilities 

A;  Orbital  Parameters  - None 


c™!i,and.!!0lume  ire  IBD  but-  as  4 9°al.  would  be  equivalent  to  or 
smaller  than  conventional  appliances. 

C)  Power  - No  unique  requirements 


0)  Thermal  control  - Method  of  venting  excess  heat 
E)  Attitude,  stabilization  - No  unique  requirements 


7 
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F)  Viewing  - No  requirement 

G)  Environmental  constraints  - These  are  TBD  until  such  time  as  a 
concept  is  defined 

H,I)  Data  management,  communications,  crew  timeline  - Crew  participation 
is  required  to  activate,  monitor,  and  deactivate  test 

J)  Operations  schedule,  maintenance,  lifetime  - TBD 

Space  Station  vs  Free  Flyer 

This  mission  should  be  contained  on  the  Space  Station  since  it  requires 
crew  involvement  and  provides  the  design  operating  environment. 


:> 
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John  Aydelott 
Lewis  Research  Center 


LONG  TERM  CRYOGENIC  FLUID  STORAGE  TECHNOLOGY 


I.  Mission  Objective 

To  develop  the  technology  for  advanced  insulation  and  long  life 
refrigeration/liquefaction  systems  to  provide  long  term  orbital 
thermal  control  of  cryogenic  liquid  storage  and  supply  tanks. 

II.  Mission  Description 

Subscale  cryogenic  fluid  storage  tanks  and 
refrigeration/liquefaction  systems  would  be  tested  to  establish 
thermal  performance  and  useful  life  during  the  early  phases  of  the 
Space  Station  evolutionary  process.  Selected  concepts  will  then 
provide  design  criteria  for  cryogenic  fluid  storage  and  supply 
systems  to  provide  Space  Operations  Center  consumables  and  Orbit 
Transfer  Vehicle  propellants. 

III.  Benefit 

Earth  to  orbit  fluid  transportation  costs  will  constitute  a 
significant  portion  of  both  Space  Station  and  Orbit  Transfer  vehicle 
operational  expenses.  Advanced  insulation  concepts  and 
refrigeration/liquefaction  systems  can  minimize  vent  losses  from 
orbital  cryogenic  fluid  storage  and  supply  tanks.  In  addition, 

Space  Station  hydrogen  and  oxygen  consunables  and  Orbit  Transfer 
Vehicle  propellants  may  be  manufactured  on-orbit  by  the  electrolysis 
of  water  and  subsequent  liquefaction  of  the  generated  gases.  The 
water  would  be  transported  to  the  Space  Station  as  Shuttle 
contingency  payload,  thus  minimizing  Earth  to  Orbit  fluid 
transportation  costs. 

IV.  Justification 


Some  component  and  subsystem  testing  can  appropriately  be  conducted 
in  ground  based  facilities  and  as  Shuttle /Spacelab  experiments. 
However,  the  combination  of  low-gravity,  vacuum,  long  duration  (life 
testing  of  refrigeration/liquefaction  systems),  high  power,  and  the 
real  thermal  environment  of  interest  for  complete  system  testing  can 
only  be  achieved  on  the  Space  Station. 

V.  Mission  Requirements  Aid  Capabilities 

A)  Orbital  Parameters  - tone 

B)  Mass  and  Volune  - Approx.  50X  of  Shuttle  capability. 

C)  tower  - 40  kw  (1/20  scale  system  test) 

D thru  G)  Thermal  Control,  Attitude,  Stabilization,  Viewing. 
Environmental  Constraints  - tone  sun  facing. 


f 


too  time  S^fJTSSSSS*  ’ DDWn  link  required  (rnonitoring 
I)  Crew  Timeline  - Oily  for  experiment  abort 

nSSttfiir*  -> 

Space  Station  vs.  Free  Flying  Platfn™ 


C)  Power  - The  power  requirements  are  experiment  peculiar.  However 
it  is  anticipated  that  both  AC  and  DC  power  at  normal  levels 
available  in  earth-bound  laboratories  will  be  required. 

D)  Thermal  Control  • Thermal  control  for  the  individual  experiments 
will  be  experiment  peculiar  and  should  not  be  a requirement  of  the 
space  station.  Thermal  control  of  the  laboratory,  however,  should 
be  available  and  operational  to  earth  based  laboratory  values.  This 
issue  may  be  related  to  environmental  control. 

E)  Attitude,  Stabilization  - The  Laboratory  Concept  must  operate  in 
a gravitational  environment  which  must  be  capable  of  providing 
controlled  low  acceleration  levels.  An  auxilliary  propulsion  system 
will  be  required  to  provide  this  control  and  is  considered  a 
separate  technology  mission.  . 

F)  Viewing  - No  requirements 

G)  Environmental  Constraints  - TBD 

H,  I)  Data  Management,  Communications,  Crew  Timeline  - The  Space 
Station  Technology  Development  Laboratory  will  need  to  be  manned  to 
perform  technology  experiments  in  real-time.  Payload  specialists 
will  need  to  be  trained  to  operate  and  upkeep  Data  Management 
System,  conduct  tests  and  transmit  data  back  to  earth  for  subsequent 
analysis.  Crew  timelines  should  be  scheduled  to  eliminate 
undesireable  g-Jitter  disturbances  to  experiments. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 

VI.  Space  Station  VS,  Free  Fiver 

The  technology  experiments  identified  have  both  safety  and 
acceleration  control  requirements  that  may  require  trade  studies 
between  Space  Station  and  Free  Flyer.  In  either  case,  this 
laboratory  should  be  capable  of  providing  controlled  low  levels  of 
Hsduced  Gravity.  The  laboratory  concept  is  envisioned  to  provide 
adequate  space,  power,  thermal  control  and  basic  experimental 
services  such  as  supply  air,  etc.  Experiment  peculiar 
instrumentation  would  not  be  a part  of  this  laboratory. 


ORIGINAL  PAGE  tS 
OF  POOR  QUALITY 


PRECEDING  PAGE  BLANK  NOT  FILMET7 


Thomas  Labus 

Lewis  Research  Center 
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FIRE  SAFETY  TECWCLOGY 
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I.  Mission  Objectives 

To  provide  the  technology  base  for  the  extinguishment  of  fires  and 
ror  the  control  of  combustion  processes  under  low  gravity. 

II.  Mission  Description 


This  mission  will  provide  the  base  technology  required  for  the 
extingj lament  of  fires  and  for  the  control  of  combustion  processes 
in  confined  environments.  In-Space  Combustion  Technology 
Experiments  involve  the  interaction  between  a nunber  of  complex 

trlntflr  ?*  hcat  transfer,  fluid  mechanics,  mass 

kinetics.  specific  technology  experiments  to 
determine  the  effects  of  low-gravity  should  be  conducted  to 
determine  the  combustion  mechanisms  of  solid,  liquid  and  gaseous 
systems • 


arp l ?StS?iidL?,fceTSt25i?n  exPeriments  can  be  conducted  in  the 
h *****  technology.  ^se  missions  could  substantially 

cberit/f0m  ® marncd  technology  development  laboratory  for  their 
successful  conduct. 


III.  Benefit 


Technology  experiments  on  fire  safety  will  provide  information  to 
designers  of  Space  Station  extinguishment  systems.  In  addition, 
this  knowledge  can  be  made  available  to  materials  scientists 
involved  in  controlled  combustion  processes  related  to  In-Space 
materials  processing.  Fundamental  data  on  classical  combustion 

n^ceoheSHC0VldTb®  used  t0  ''alldate  existing  zero  gravity  theories 
?"  syfh  Pberoroena  as  Droplet  Combustion,  Flammability 

Limits,  Smoldering,  etc.  This  data  would  find  direct  applications 
in  numerous  terrestrial  situations.  ^ 

IV.  Justification 


®s  wel1  fs  work  by  recognized  experts  in  the  academic 
ria^C0B~^ty  hive  Prided  strong  advocacy  and 

f°ir  rcsearch  ln  space.  The  long-duration, 

innrin^  ify  levels  obt®inable  on  Space  Station  will  allow  successful 
-onduct  of  numerous  combustion  technology  experiments. 


v*  Mission  requirements  & Capabilities 


A)  Orbital  Parameters  - None 

by  Mass,  volume,  operational  envelope  mass  is  TBD  but  an  estimated 


volume  of  four  times  the  Spacelab  volume  on  Space  Shuttle  may  be  required 
for  a technology  development  laboratory.  A key  element  to  any  manned 
operating  laboratory  is  space. 

C)  Rawer  - The  power  requirements  are  experiment  peculiar. 

Nawever,  it  can  be  anticipated  that  both  AC  and  DC  power  as  normally 
available  in  earth-bound  laboratories  will  be  required. 

D)  Thermal  Control  - Thermal  control  for  the  individual  experiments 
will  be  experiment  peculiar  and  should  not  be  a requirement  of  the 
Space  Station.  Thermal  control  of  the  laboratory,  however,  should 
be  available  and  operational  to  earth  based  laboratory  values.  This 
issue  may  be  related  to  environmental  control. 

E)  Attitude,  Stabilization  - The  Laboratory  Concept  must  operate  in 
a gravitational  environment  which  must  be  capable  of  providing 
controlled  low  acceleration  levels.  An  auxilliary  propulsion  system 
will  be  required  to  provide  this  control  and  is  considered  a 
separate  technology  mission. 

F)  Viewing  - No  requirements 

G)  Environmental  Constraints  - All  combustion  related  technology 
experiments  will  probably  require  venting  to  release  products  of 
combustion. 

H, I)  Data  Management,  Communications,  Crew  Timeline  - The  Space 
Station  Technology  Development  Laboratory  will  need  to  be  manned  to 
perform  technology  experiments  in  real-time.  Payload  Specialists 
will  need  to  be  trained  to  operate  and  upkeep  data  management 
system,  conduct  tests  and  transmit  data  back  to  earth  for  subsequent 
analysis.  Crew  timelines  should  be  scheduled  to  eliminate 
undesireable  g-Jitter  disturbances  to  experiments. 

0)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 

VI.  Space  Station  VS.  Free  Flyer 

The  technology  experiments  identified  have  both  safety  and 
acceleration  control  requirements  that  may  require  trade  studies 
between  Space  Station  and  Free  Flyer.  In  either  case,  this 
laboratory  should  be  capable  of  providing  controlled  low  levels  of 
Ffeduced  Gravity.  The  laboratory  concept  is  envisioned  to  provide 
adequate  space,  power,  thermal  control  and  basic  experimental 
services  such  as  supply  air,  etc.  .Experiment  peculiar 
instrumentation  would  not  be  a part  of  this  laboratory. 
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CONTROLLED  ACCELERATION  PROPULSION  TECHNOLOGY 


I*  Mission  Objective 

Determine  the  feasibility,  characteristic,  constraints,  and 

accelIratinnfnfr°PUlSi0n  ?ystems  retired  for  controlled 
acceleration  of  space  systems  and  correlate  the  ground  and  soace 
characteristics  of  candidate  concepts.  P 

II.  Mission  Description 

Sr,°idttew0W  thnJSt  propulsion  concepts  will  be  attached  to  the 
0r  ass°c|ated  space  system  if  program  objectives  so 
fMsSnif  Thf  pr°pulsion  systems  will  be  operated  to  determine  the 
fnrt  ibiXity  °:  an?  constraints  on  their  use  to  control  accelerations 
induced  by  natural  and  space  system  forces  and  torques.  Associated 

a?noat^cs  assess  plume  characteristics  which  cannot  be 
adequately  evaluated  in  ground  tests.  The  performance  and  lifetime 

£ i ?V?luatea  b*  the  of  flight  and  post  f 1 Ight^nspec t ions 
to  correlate  space  and  ground  results.  The  specific  oroDulslnn 

operated  ^ ™ but  *U1  ^ «.P"S.tT 

operated  U)  in  several  modes  which  affect  their  dynamic  thrust- 

characteristics  ana  (2)  possibly  with  various  prepeli^nts 

III.  Benefit 


c.ontr^led  acceleration  environments  for  space  systems  are 
enabled  by  low  thrust,  precisely  controlled,  propulsion  systems! 

IV.  Justification 

o^ltu1d%^\%SiPnb?araLttriSt,iCS-  priorities,  and  constraints 

afthe  full  arc™??'  ?val,uati0n  of  aooeleration  control  as  well 
cha^t-I^Lf ccomplishment  of  correlation  of  space  and  ground 

pumpim  'Valf'efStc"  te!i.s.are  inadequate  due  to  limited 
availability^1  effects  • and  the  lack  of  sustained  low  "g" 

v*  Mission  Requirements  and  Capabilities 

Rar®meters  “ Nd  constraints  except  altitudes  above 
those  which  produce  an  overall  drag  of  10-3  "gM  or  greater. 

volume»  operational  envelope  - TBD  but  the  dry  mass 

siSEF  taps,  ffjssrf  r 

leSS  tLn  m Ml  °,  i^iyi^l  propulsion  systems  will  be 

less  rnan  u.l  M3.  Operational  envelope  is  TBD. 


C)  Rower  - Continuous  power  during  the  experiment.  Either  AC  or 
DC  power  is  acceptable  but  DC  is  desirable.  Other  interface 
requirements  are  TBD.  The  magnitude  will  be  greatly  dependent  on 
the  experiment  but  would  be  about  1.5  KW  if  a full  SOC  (50KW  size) 
concept  were  used  at  350  KM  and  correspondingly  smaller  for  smaller 
experimental  platforms  at  higher  altitudes. 

D)  Thermal  Control-  Except  for  propellant  management,  there  are  no 
thermal  control  interface  requirements.  For  non-cryogenic 
propellants  it  is  likely  that  the  thermal  control  will  be  contained 
within  the  experiment  by  design.  For  cryogenic  propellants  thermal 
control  requirements  are  TBD. 

E)  Attitude,  Stabilization  - No  fundamental  constraints  except  for 
(1)  a degree  of  constancy,  and/or  control,  of  accelerations  on  the 
Space  System  during  acceleration  control  phases  of  the  experiment, 
and  (2)  attitudes  required  to  avoid  impacts  of  the  plumes  from  the 
propulsion  systems. 

F)  Viewing-  No  requirements. 

G)  Environmental  Constraints  - TBD 

H)  Data  Management,  Communication  - Basic  experiment  control  is 
closed  loop  except  for  commands  to  initiate,  change  state,  and 
terminate  the  experiment  in  planned  formats.  No  real  time  data 
required  except  as  determined  to  be  needed  for  space  system  safety. 

I)  Crew  Timelines  - Could  be  impactive  if  the  experiment  is  on  a 
manned  space  system.  If  crew  movements  and  actions  do  not  affect 
the  experiment,  such  as  on  a free  flyer  or  a loose  coupled  attached 
structure,  the  impact  of  the  experiment  is  probably  negligible. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - No  maintenance 
planned.  Schedule  and  lifetime  are  experiment  specific  and  are  TBD. 

IV.  Space  Station  VS.  Free  Flyer 

It  is  likely  that  uncontrolled  accelerations  generated  on  a Space 
Station  from  any  source  are  not  acceptable,  ^proaches  to  avoid 
such  accelerations  are  TBD  but  clearly  could  include  free  flyers. 

If  free  flyers  were  employed  the  objectives  of  evaluation  of 
acceleration  control  could  be  achieved  without  retrieval  but  full 
evaluation  of  the  performance,  lifetime,  and  plume  interfaces  could 
not,  as  post  test  data  are  required. 
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LARGE  SPACE  POWER  SYSTEM  TECHNOLOGY  DEMOfCTRATION 


I.  Mission  Objective 

Demonstrate  the  viability  of  multi-voltage  operational  scheme  for 
large,  high  power  space  power  system  for  space  platforms. 

II.  Mission  Description 

• A large  solar  array  segment  (sized  up  to  20  KW)  will  be  assembled  in 
modular  form  capable  of  generating  power  at  various  voltages  from 
200  to  1000  volts.  This  power  will  be  brought  into  a collection 
system  where  it  will  be  converted  to  AC  (high  frequency)  for 
transmission  to  a power  distributor  system  at  least  50  m away. 
Transmission  will  be  over  several  lines.  Within  the  power 
distributor,  the  power  will  be  conditioned  for  users  (possibly 
I20v,  60  cycle). 

III.  Benefit 


The  experiment  would  be  an  enabling  technology  experiment, 
demonstrating  the  capability  of  building  modularized  space  power 
systems  to  hundreds  of  kilowatts  for  operation  in  the  space 
environment. 

IV.  Justification 


Future  space  platform  missions  are  projected  to  require  100  KW  and 
larger  power  systems.  At  these  high  power  levels,  the  operating 
voltages  for  the  power  generators  must  be  increased  to  minimize 
harness  losses,  derations  at  elevated  voltages  result/;  . •>  possible 
detrimental  interactions  with  the  space  plasma  environment.  Hence, 
a compromise  between  the  operating  voltage  required  to  minimize 
harness  losses  and  voltages  to  minimize  environment  losses  must  be 
reached.  Such  a compromise  is  the  proposed  D.C.  generation,  A.C. 
transmission  concept.  In  this  system,  power  is  generated  in 
modularized  sdlar  array  systems  operating  at  a voltage  compatible 
with  environmental  interactions,  collected  and  converted  to  A.C.  for 
transmission  over  the  large  distances  to  the  electrical  load 
distribution  system. 


The  proposed  experiment  would  be  a verification  of  design  concepts 
enabling  the  construction  of  larger  systems.  All  of  the  elements  of 
this  space  power  system  would  be  incorporated.  The  operation  in  the 
space  plasma  environment  over  extended  periods  of  time  would 
demonstrate  the  viability  of  the  system  and  the  understanding  of 
plasma  interaction  concepts.  Such  an  experiment  could  not  be  run 
from  the  Shuttle  due  to  the  system  size  and  length  of  time  required 
to  justify  extension  to  multiyear  operations. 


V.  Mission  Requirements  & Capabilities 

A)  Orbital  Parameters  - Operation  in  equatorial -like  environments 
at  altitudes  of  300  to  AOCkm  with  arbitrary  inclination.  (Space 
platform  altitudes) 

B)  Mass,  volume,  operational  envelope  - The  proposed  experiment 
includes  an  approximately  ISkw  solar  array  divided  into  3 circuits. 
Each  of  the  5KW  blocks  of  cells  is  modularized  so  that  the 
operating  voltage  can  be  controlled.  From  the  power  generator  3 
transmission  lines  (50n  long)  run  to  the  power  distributor.  The  DC 
to  AC  conversion  system  will  be  located  at  the  generator  end  of  the 
system.  Low  frequency,  A.C.  power  would  be  available  at  the 
distributor  end  for  use  of  the  space  platform. 

The  mass  has  not  been  estimated  as  yet.  The  area  of  the  array  is 
about  150  square  meters.  It  is  proposed  that  this  system  function 
in  sunlight  for  at  least  6 months  to  complete  the  interaction 
evaluation.  This  includes  the  orbital  eclipse  shut-downs. 

C)  Power  - Experiment  will  provide  own  power. 

D)  Thermal  control  - Self-contained  thermal  control  subsystem. 

E)  Attitude,  Stabilization  - Power  generator  must  be  sunlit  and 
held  in  nominal  normal  solar  incidence  on  solar  array. 

F)  Viewing  - No  shadowing  of  array  by  space  structure  allowed. 

G)  Environmental  Constraints  - System  must  function  in  space 
environment. 

H)  Data  Management,  Communications  - Output  parameters  of  system 
will  be  monitored.  All  measurements  involving  high  voltage  will  be 
conditioned  to  be  compatible  with  existing  command  and  data  systems. 

I)  Crew  Timeline  - tot  applicable 

J)  Operating  Schedule,  Maintenance,  Lifetime  - It  is  desired  to 
turn  on  this  system  and  leave  on  for  a minimum  of  6 months.  Data 
will  be  collected  and  analyzed.  Operational  mode  changes  will  be 
commanded  in  as  appropriate  to  obtain  desired  information.  (This 
could  be  done  by  automated  sequences).  There  should  be  no 
maintenance  required. 
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ION  THRUSTER  EFFECTS  ON  LEO  POKER  SYSTEMS 


I.  Mission  Objectives 

To  obtain  essential  knowledge  on  power  systems  operating  in  an  ion 
thruster  generated  plasma  plume  which  is  needed  for  design  and 
development  of  advanced  photovoltaic  space  power  systems  with  high 
power  and  high  voltage. 

II.  Mission  Description 


Prototypes  of  advanced  photovoltaic  space  power  systems  must  be 
operated  in  the  vicinity  of  an  ion  thruster  in  order  to  gain 
essential  experimental  data.  This  data  will  be  analyzed  to  yield 
basic  knowledge  about  the  physical  processes  and  ultimately 
verification  of  analytical  models  and  practical  power  system  designs. 

The  effects  of  both  natural  plasma  environment  and  ion  engine 
generated  plasma  environment  must  be  determined.  Power  losses, 
array  degradation  and  electromagnetic  interference  are  of  major 
concern  and  must  be  carefully  control led. Data  must  be  obtained  for  a 
variety  of  thruster  propellants  and  useful  for  array  type,  size  and 
voltage  scaling. 

Both  plasma  and  concentrator  solar  arrays  must  be  analyzed  and 
tested  including  the  effect  of  modifications  incorporating 
mitigation  techniques  such  as  insulating  and  biasing.  Operating 
constraints  such  as  configuration  and  spacing  from  thrusters  must  be 
determined. 

The  effects  to  be  studied  are: 

o Pinhole  effects  at  positive  potentials,  secondary  emission 
o Sheath  processes,  non-linear  expansion  with  potentials 
o Magnetic  field  constraints  on  particle  trajectories 
o High  electric  field  emission  of  electrons 
o Ultraviolet  radiation  effects  - photoemission 
o fern  and  wake  effects  due  to  spacecraft  velocity 
o Arc  and  corona  breakdown  (avalanche)  effects 

III.  Benefits 


High  power  high  voltage  missions  of  the  future  can  not  be  enabled 


wU  r>ut  knowledge  of  physical  processes  involving  the  interactions  of  the 
electrical  power  system  and  the  natural  and  ion  engine  generated  plasma 
environment.  Protective  design  techniques  will  be  analyzed,  designed, 
implemented,  tested  and  developed  assuring  a high  reliability  final 
design  approach  that  will  then  be  demonstrated. 

IV.  Justification 


The  Space  Station  facility  is  required  for  this  mission  because  of: 
the  large  separation  distances  required  between  the  Ion  source  and 
the  power  system,  the  operation  of  large  scale,  high  voltage, 
prototype  solar  arrays  and,  the  hign  vacuum  requirement. 

V.  Mission  Requirements  and  Capabilities 

A)  Operation  in  equatorial -like  environments  at  altitudes  of  300  to 
AOCkm  with  arbitrary  inclination.  (Space  platform  altitudes) 

B)  Mess,  Volume,  Cfcerational  Envelope  - The  mass  has  not  been 
estimated  as  yet.  The  area  of  the  array  is  about  150  square 
meters.  It  is  proposed  that  this  system  function  is  sunlight  for  at 
least  6 months  to  complete  the  interaction  evaluation.  This 
includes  the  orbital  eclipse  shut-downs. 

C)  Power  - Experiment  will  provide  own  power  including  power  to  the 
ion  thruster. 

D)  ihermal  Control  - Self-contained  thermal  control  subsystem. 

E)  Attitude,  Stabilization  - Rawer  generator  must  be  sunlit  and 
held  in  nominal  normal  solar  incidence  on  solar  array.  Ouring 
normal  operation,  ion  thruster  shall  be  pointed  opposite  to  the 
direction  of  travel. 

F)  Viewing  - No  shadowing  of  array  by  space  structure  allowed. 

G)  Environmental  Constraints  - The  power  system  must  operate  in  the 
undisturbed  flow  of  natural  space  plasma  and  not  in  the  wake  of  the 
space  station.  Operation  during  worst  case  of  the  natural  plasme 
(solar  activity,  etc.)  is  desired. 

h)  Data  Management,  Communications  - Output  parameter  of  system 
will  be  monitored.  All  measurements  involving  high  voltage  will  be 
conditioned  to  be  compativle  with  existing  conmand  and  data  systems. 

I)  Crew  Timeline  - Not  applicable 

J)  Operations  Schedule,  Maintenance,  Lifetime  - It  is  desired  to 
turn  on  this  sytems  and  leave  on  for  a minimum  of  6 months.  Data 
will  be  collected  and  analyzed.  Operational  mode  changes  will  be 
commanded  in  as  appropriate  to  obtain  desired  information.  (This 
could  be  done  by  automated  sequences).  There  should  be  no 
maintenance  required. 
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LIQUID  DROPLET  RADIATOR  STEX  QUALITY 

I.  Klssion  Objective 

Demonstration  and  technical  verification  of  an  advanced  Liquid 
Droplet  space  radiator  concept  under  acutal  operational  space 
station  conditions  (zero-gravity,  space  vacuum,  space  plasma, 
attitude  control  manuevering  perturbation,  etc.,  during  long 
duration  operations).  Determine  operational  characteristics, 
constraints  and  effects  of  space  ststion/radiator  interface. 

II.  Mission  Description 

The  candidate  liquid  droplet  radiator  systems  could  be 
intergrated/comected  to  the  space  station  thermal  management  system 
at  thfc  heat  rejection  interface  point.  The  system  assembly  would  be 
installed  as  an  auxilliary  experimental  heat  rejection  system, 
waste  heat  load  would  be  supplied  by  the  space  station  (as  an  option 
a separate  heat  source  could  be  used)  commensurate  to  the  size  of 
the  liquid  droplet  radiator  system.  It  would  operate  at  actual 
space  station  radiator  conditions  of  inlet  and  outlet  temperature, 
zero  gravity,  vacuum,  solar  radiation,  attitude  correction  and 
maneuvering  perturbations  and  with  the  interface  of  space  plasma. 
Performance  would  be  evaluated  for  efficiency  of  waste  heat 
rejection,  response,  temperature  distribution  controllability,  flow 
rate,  potential  of  loss  of  working  fluid  and  space  station 
contamination  due  to  vaporization  and  manuevering  and  effect  of 
space  plasma  interface  on  liquid  droplet  streams  trajectory. 

Zero-gravity  effects  on  droplet  generation,  trajectory  and 
collection  efficiency  would  be  determined.  Constraint  on  operation 
control  and  performance  will  be  determined.  Performance,  failure 
modes,  and  lifetime  potential  will  be  evaluated  using  operational 
data  to  correlate  space  and  ground  test  data.  Mission  would  require 
evaluation  under  startup,  shutdown,  full  and  part  load  operation.  A 
typical  system  configuration  is  shown  on  figure  1. 

III.  Benefits 


✓ 


Technology  verification/demonstration  of  advanced  radiator  system 
less  that  1/A  of  the  weight  of  flat  plate,  tube-fin  and  hear-pipe 
radiator  designs.  Radiator  concept  does  not  require  surface 
coatings  or  armor-pl^te  protection.  Ftediating  area  is  impervious  to 
micro  meteroid  damage.  Liquid  droplet  radiator  is  suitable  for  low 
temperature  (30CX)  and  high  temperature  (1000K)  NASA  and  DOD 
applications  in  KW  and  mw  range.  System  is  deployable,  offers 
compact  stowed  configuration  and  can  be  designed  to  survive  launch 
environment. 

IV.  Justification 

Evaluation/technical  verification  of  a radiator  for  space 


ss. 


z/ 


-S’  \ ; 


application  requires  sustainea  operation  for  a long  duration  under  actual 
spacecraft  operating  conditions  and  space  environment  of  zero-G,  solar 
radiation,  vacuum,  space  plasma  and  the  spacecraft  steady  state,  thermal 
and  manuevering  operating  nodes. 

Ground  testing  lacks  sustained  zero-G,  space  plasma  and  solar 
radiation  availability  and  does  not  adequately  simulate  structual 
forces  or  manuevering  modes.  Shuttle  mission  objectives,  limited 
mission  duration  and  mission  priorities  preclude  its  use  for 
sustained  long  duration  testing  and  may  also  limit  the  size  of  the 
experiment. 

V.  Misson  Requirements  and  Capabilities 

A)  Orbital  Parameters  - No  constraints.  Would  operate  at  space 
station  altitude. 

B)  Mass,  Volume,  Operational  Envelope  - TBD.  The  test  radiator 
. systems  should  be  of  specific  size,  compatible  with  the  space 

station  to  provide  design/operational  data  that  can  be  used  for 
scaling  to  a larger  system. 

C)  Rawer  - Ac -DC  continuous  electric  power  would  be  required  for 
pumping  and  controls.  Other  interface  requirements  are  TBO. 
Magnitude  of  power  requirements  are  dependent  on  the  size  of  the 
experiment. 

D)  Thermal  Control  - The  equipment  could  be  designed  for  rejection 
of  a portion  of  spacecraft  heat  load.  It  is  inlikely  that  thermal 
control  provisions  would  be  required  for  any  of  itx  components 
except  instrumentation. 

E)  Attitude,  Stabilization  - The  system  would  be  designed  to 
operate  within  the  attitude  and  stabilization  constraints  of  the 
space  station.  Rasition  control  of  the  liquid  droplet  steam 
collector  may  be  required.  It  is  anticipated  that  this  would  be 
effected  through  motorized  control..  Method  is  TBD. 

F)  Viewing  - 1BD 

G)  Environmental  Constraints  - TBD 

H)  [feta  Management,  Communication  - Experiment  control  is  required 
to  initiate  operation,  terminate  operation  and  change  operating 
level  per  waste  heat  rejection  demands.  Data  acquisition  is 
required  for  operational  control  and  evaluation. 

I)  Crew  Timeline  - TBO.  Crew  resources  may  be  needed  for  conduct 
of  experiment  at  scheduled  times. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - No  maintenance  is 
planned.  Schedule  and  lifetime  are  experiment  specific  and  are  TBD. 
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K)  Economic  or  Performance  Benefits  Achieved  Through  Use  of  a Space 

f Station  - A space  radiator  system  is  operation  with  power  production 

for  iong  durations.  The  use  of  a space  station  for  evaluation  of 
this  concept  offers  the  potential  of  long  term  testing  (not 
available  with  shuttle)  needed  for  scaling. 

L)  Space  Station  VS  Free  Flying  Platform  - TBD. 
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LARGE  STRUCTURES  TECHNOLOGY  EXPERIMENTS 


I . Mission  Objective 

To  provide  a technology  base  for  the  design  and  analysis  of  very  large 
space  structures  having  dimensions  larger  than  are  compatible  with  Space 
Shuttle  experiments. 


II . Mission  Description 


Assembly  and  testing  of  very  large  space  structures  will  require  utilization 
of  the  Space  Station  as  a base  for  these  activities.  Maintaining  a long 
lifetime  stable  platform  for  assembly  and  inertial  structural  characterization 
testing  is  important  for  the  evolution  of  large  structure  technology.  A 
large  facility  that  can  be  used  for  assembly  and  environmental  testing 
would  be  required  on  the  Space  Station.  This  facility  would  Include  data 
acquistion  and  analysis  capabilities  mechanical  operations  suoDort  and 
maintenance  capabilities,  and  a supply  of  goodsand  tools  to  al  low  modifications 
to  large  structure  designs  while  on-orbit.  Complete  dynamic  testing 
capabilities  will  be  required  to  determine  mode  shapes,  inertial  properties, 
damping/influence  coefficients,  and  other  design  parameters  necessary  to 
characterize  the  stability  and  dynamics  of  very  large  space  structures. 


HI.  Benefit 


Many  future  manned  and  unmanned  missions  will  depend  on  assembly  and 
testing  of  very  large  space  structures  enabling  new  design  concepts 
for  structures  having  kilometer  dimensions. 


IV.  Justification 


The  long  duration,  low  gravity,  and  stability  characteristics  of  the 
Space  Station  will  be  an  ideal  base  for  the  assembly  and  testing  of 
very  large  space  structures.  The  inevitability  of  the  very  la  ce  space 
structures  as  a basis  for  future  space  missions  is  certain. 


V.  Mission  Requirements  & Capabilities 

A)  Orbital  Parameters  - Low  inclination  for  certain  thermal  shock 
experimental  missions  during  solar  eclipse.  High  inclination  for  long 
term  thermal  stabilization  (no  eclipses)  during  other  experimental 
missions.  High  altitude  to  minimize  drag  perturbations  on  large  structures. 


B)  Mass,  volume,  operational  envelope  is  TBD.  Mass  of  components 
requiring  assembly  (many  thousands  of  kilograms)  could  necessitate 
multi -shuttle  launchs.  Volume  requirements  for  materials  could  also 
require  multiple  launches.  Operational  envelope  could  be  many  kilometers 
in  dimension  requiring  some  kind  of  EVA/Teleoperator  system. 

C)  Power  - The  power  requirements  would  be  in  the  many  kilowatt  range 
to  allow  the  assembly  and  testing  activities. 
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D)  Thermal  Control  - No  requirements  Identified 

E)  Attitude,  Stabilization  - A stable  platform  is  necessary  for 
assembly  and  some  testing.  Possible  Isolation  from  the  Space  Station 
perturbations  may  be  necessary  during  structural  dynamics  testing. 

This  may  be  accomplished  using  either  a free-flyer  concept  or  a tether. 

F)  Viewing  - No  requirements  Identified. 

G)  Environmental  Constraints  - Low  g environment  free  from  mlcro-g 
perturbations. 

H)  Data  Management,  Communications  - A data  acquisition  and  analysis 
facility  would  be  required  to  gather  and  Interpret  the  structural 
assembly  and  testing  experiments  In  real  time.  A communications  link 
would  either  be  hard  wired  If  the  structure  were  attached  to  the  Space 
Station  (or  on  a tether),  or  an  RF  link  would  be  necessary  from  a free 
flyer  to  the  data  facility  on  the  Space  Station. 

I)  Crew  Timeline  - Payload  specialists  would  be  trained  to  assemble 
and  test  thj  large  structures.  Testing  coordination  between  the  on- 
board data  facility  and  engineering  teams  on  the  ground  would  require 
detailed  event  timelines  to  assure  the  adequacy  and  completeness  of  the 
tests  and  iterations  required. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 

V I . Space  Station  vs.  Free  Flyer 

If  the  stability  of  the  Space  Station  can  be  controlled  precisely 
(e.g.  TBD)  enough,  some  testing  might  be  possible  while  attached  to 
the  Station.  Some  testing  will  probably  require  isolation  from  the 
Station  either  using  tether  system  or  a free  flyer  concept. 
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ATTITUDE  CONTROL  - SYSTEM  IDENTIFICATION  EXPERIMENT 


I . Mission  Objectives 

To  validate  sensing  strategy/mechanization.  Identification  algorithms 
and  Integrated  flight  control  dynamics  reconstruction  subsystem; 
establishing  off-line  and  real-time  knowledge  of  flexible  Space  Station 
and  payload  dynamics. 

II . Mission  Description 

The  experiment  will  consist  of  distributed  excitation  and  sensing  of 
structure  and  payloads.  Sensor  outputs  will  be  recorded  for  off-line 
system  identification  or  processed  sequentially  for  on-board  Identification. 

III.  Benefit 

These  experiments  will  establish  In-flight  control  performance  of  large 
flexible  structures.  In  addition,  they  will  determine  vehicle  Intertla/ 

CG  and  mode  shapes  and  frequencies  which  will  assist  future  design  concepts. 

IV.  Justification 

Accurate  control  of  large  flexible  structures  requires  a knowledge  of 
the  dynamic  characteristics.  These  experiments  are  necessary  to  establish 
these  charactistlcs  which  lead  to  advance  control  system  concepts  for  the 
large  structures. 

V.  Mission  Requirements  & Capabilities 

A)  Orbital  Parameters  - High  enough  altitude  to  prevent  drag  effects 
on  structure. 

B)  Mass,  volume,  operational  envelope  - Transporatlon  of  large  number 

of  elements  (TBD)  to  construct  an  adequately  sized  structure  to  characterize 
large  structure  dynamics  and  control. 

C)  Power  - The  power  requirements  would  be  on  the  order  of  a kilowatt 
for  the  excitation  and  data  acquisition  systems. 

D)  Thermal  Control  - no  requirement 

E)  Attitude,  Stabilization  - The  experiments  must  be  done  In  a stable 
environment  to  assure  accurate  measurements  which  would  not  be  affected 
by  Space  Station. 

F)  Viewing  - No  requirements 

G)  Environmental  Constraints  - low  g environment  from  vibration  perturbations 
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H)  Data  Management,  Communications  - A data  acquisition  facility  would 
be  necessary  to  record  and  analyze  the  data.  Conmunl cations  would  be  by 
hard  wire  link  If  attached  to  the  Station  or  RF  transmission  to  the  Space 
Station  If  on  a free  flyer. 

I)  Crew  Timeline  - Random  crew  motion  and  on-board  equipment  vibration 
must  be  minimized  to  achieve  clean  Identification  environment.  Payload 
specialists  would  be  needed  for  assembly  and  configuration  changes. 

J)  Operations  Schedule,  Maintenance,  Llfetlme-TBD 
Space  Station  vs.  Free  Flyer 

If  the  structural  perturbations  caused  by  activities  on  the  Space  Station 
can  be  minimized,  then  the  experimental  structure  can  be  attached.  Other- 
wise, a tethered  or  free  flyer  configuration  must  be  used. 
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ATTITUDE  CONTROL  - ADAPTIVE  CONTROL  EXPERIMENT 


I.  Mission  Objectives 

To  validate  performance  and  stability  Improvement  sensing  strategies 
and  mechanization,  control  gain  update  subroutines  and  reconfiguration 
schemes,  and  adaptive  control  algorithms. 

II.  Mission  Description 

This  experiment  will  evaluate  adaptive  control  algorithms  and  measurement 
hierarchy  for  an  evolving  or  deploying  structure.  It  will  Include  arti- 
culation and  reconfiguration  of  payloads  to  change  system  mass  properties 
and  evaluate  adaptive  control  designs. 

III.  Benefit 

It  Is  expected  that  new  concepts  In  attitude  control  of  large  space 
structures  will  require  the  development  of  new  algorithms  as  well  as 
new  measures  of  performance  evaluation  which  will  be  developed  during 
these  experiments. 

IV.  Justification 

Control  of  large  space  structures  requires  the  understanding  of  new 
control  algorithms.  In  parallel,  with  the  development  of  various  struc- 
tural configurations.  The  Space  Station  proyides  a unique  facility  to 
develop  these  control  schemes  In  an  unlimited  dimensional  environment 
with  zero  gravity. 

V.  Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters  - High  enough  altitude  to  prevent  drag  effects 
on  structure. 

B)  Mass,  volume,  operational  envelope  - Existence  of  a large  structure 
as  an  appendage  to  the  Space  Station  or  as  a free  flying  Cor  tethered) 
vehicle  near  the  station. 

C)  Power  - The  power  requirements  would  be  on  the  order  of  a kilowatt 
for  the  excitation  and  data  acquisition  systems. 

D)  Thermal  Control  - no  requirement 

E)  Attitude,  Stabilization  - The  experiments  must  be  done  In  an 
environment  which  Is  structually  isolated  from  the  Space  Station  to 
assure  that  the  data  Is  not  affected  by  Station  perturbations. 

F)  Viewing  - no  requirements 

G)  Environmental  Constraints  - Experiments  require  a low  g environment 
with  minimum  vibrational  perturbations  from  the  Space  Station. 
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H)  Data  Management,  Cornnunl cat Ions  - A data  acquisition  and  analysis 
system  would  be  necessary  to  record  the  data  and  develop  control  schemes 
In  near  real  time. 

I)  Crew  Timeline  - Random  crew  motion  and  on-board  equipment  vibration 
must  be  minimized  to  achieve  clean  Identification  environment.  In  addition, 
the  paylaod  specialists  must  be  able  to  reconfigure  the  structure  to  test 

e algorithm  sensitivities  to  changes  In  the  structural  configuration. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 
Space  Station  vs.  Free  Flyer 

If  the  structural  perturbations  caused  by  activities  on  the  Space  Station 
can  be  minimized,  then  the  experimental  structure  can  be  attached.  Other- 
wise, a tethered  or  free  flyer  configuration  must  be  used. 
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ATTITUDE  CONTROL  DISTRIBUTED  CONTROL  EXPERIMENT 


I.  Mission  Objectives 

cooMrlt?!!  al9°r1th,ns  systems  for  active  vibration  damping, 

cooperat  ve  payload  pointing,  modular  control,  control  during  deployment! 
and  precision  polntlng/stabl 1 Izatlon . y ^ ’ 

1 1 .  Mission  Description 

Ih!«ncnrr  ?fnthCHn!1ScS  0f  ^ult1*p°1nt  payload  vibration/shape  sensing  with 

ir-pnt!?  Jtta^hcd  s tat .on.  Distributed  actuation  along  the  exper- 

stJuJJur*  " 11  all°w  Optimal  placement  of  actuators  and  control 

mrtPrcfi«H4rt1C5lat1?n  ?nd  of  payloads  will  assist  In  further 

A f?ntro1  ™r1at1ons  “ the  structural  configuration  changes 

JnS  1 d 25!pIIn9  would  *x1st  at  th*  loterface  between  the  structure 
ana  the  Space  Station. 

III.  Benefit 


This  experiment  will  be  the  final  proof  test  of  control  techniques  for 
various  configurations  of  large  space  structures  taking  advantage  of  the 

experiments0"  thmS  ^ Concepts  devel°Ped  during  the  "adaptive  control 


IV.  Justification 


Inll*  ?Xpe/ImentS  Wl11  val1date  the  accuracy  and  precision  of  pointing  and 
control  of  large  space  structures. 

v • Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters  - High  enough  altitude  to  prevent  drag  effects 
on  structure. 

B)  Mass,  volume,  operational  envelope  - Existence  of  a large  structure 
as  an  appendage  to  the  Space  Station  . 


C)  Power  - The  power  requirements  would  be  on  the  order  of  a kilowatt 
for  the  excitation  and  data  acquisition  systems. 

D)  Thermal  Control  • no  requirement 


E)  Attitude,  Stabilization  • The  experiments  must  be  done  In  an 
environment  which  Is  as  structually  Isolated  from  the  Space  Station  as 
possible  while  being  attached  through  a sensor. 

F)  Viewing  - no  requirements 

^ 1 ronmental  Constraints  - Experiments  require  a low  g environment 
with  minimum  vibrational  perturbations  from  the  Space  Station. 
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H)  Data  Management,  Cornnunicatlons  - A data  acquisition  and  analysis 
system  would  be  necessary  to  record  the  data  and  develop  control  schemes 
In  near  real  time. 

I)  Crew  Timeline  - Random  crew  motion  and  on-board  equipment  vibration 
must  be  minimized  to  achieve  clean  Identification  environment.  In  addition, 
the  paylaod  specialists  must  be  able  to  reconfigure  the  structure  to  test 
the  algorithm  sensitivities  to  changes  In  the  structural  configuration. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 


VI.  Space  Station  vs.  Free  Flyer 
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ZERO  "GM  ANTENNA  RANGE  COMMUNICATIONS  EXPERIMENT 


Mission  Objectives 

To  expedite  the  development  of  large  diameter  antennas  for  communication 
satellites,  OVLBI,  ODSRS,  etc.,  providing  a realistic  environment  for 
development  and  prototype  qualification  testing  of  subsystems  and  equip- 
ment for  control  of  surface  distortions  and  feed  structure  deflections. 

Mission  Description 

A facility  would  be  development  to  provide  In  SITU  pattern  measurements 
of  antenna  beam  quality  and  multiple  simultaneous  beam  isolation.  A 
Space  Station  based  TMS  would  be  used  to  provlce  RP  pattern  Illumination. 

Benefit 


Large  antenna  systems  developed  to  provide  In-sltu  pattern  measurements 
facility  with  a co-orbiting  teleoperator  to  assemble  and  test  space 
based  antennas. 

Justification 


Future  near  earth  and  deep  space  communications  will  rely  on  large  space 
borne  antennas  to  minimize  transmitter  power  requirements,  Increase  receiver  i 
gain,  and  allow  higher  frequency  radio  links.  This  experiment  will  enable 
the  technology  development  of  these  large  antennas  by  determining  the  beam 
pattern  precision  and  control  possible  on  large  antennas. 

Mission  Requirements  & Capabilities 

A)  Orbital  Parameters  - Low  Inclination  to  assure  solar  eclipse  and  thermal 
shock  testing.  High  enough  altitude  to  assure  minimum  atmospheric  drag  on 
large  antennas. 

B)  Mass,  Volume,  operational  envelope  - Transportation  of  structural  and 
surface  elements  of  a large  antenna  may  require  multiple  Shuttle  launches. 

C)  Power  - The  power  requirements  would  be  less  than  1 kilowatt  on  the 
Space  Station  and  on  the  Teleoperator  Illumination  system. 

D)  Thermal  Control  - No  support  requirement  from  the  Space  Station. 

E)  Attitude,  Stabilization  - The  experiments  must  be  done  in  an  environment 
which  has  altitude  as  well  as  structural  stability  with  perturbations  less 
than  TBD  y radians  In  altitude  pointing,  TBD  y radians/sec  In  pointing  jitter, 
and  TBD  g In  structural  perturbations. 

F)  Viewing  - No  requirements 

G)  Environmental  Constraints  - Low  g perturbations 


“HIGiNAL  PAGE  IS 

F POOR  QUALITY 


3Z 


f 


ORIGINAL  PAGE  19 

OF  POOR  QUALITY 


7 


J.  Randolph  (JPl)  8/27/82 
pglOof  16 


H)  Data  Management,  Communications  - A data  acquisition  and  analysis 
facility  would  be  required  to  record  and  analyse  the  antenna  gain  for 
the  Illumination  generated  by  a teleoperator  Illumination  system.  A 
RF  link  would  be  necessary  between  the  Space  Station  and  the  teleoperator 
to  control  Its  position  and  other  activities  necessary  to  properly  illumin- 
ate the  antenna. 


I)  Crew  Timeline  - EVA  provisions  would  be  required  for  varying  and  changing 
subsystem  components  and  reconfiguration  of  "antenna  range"  for  various 

RF  measurements. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD 
VI . Space  Station  vs.  Free  Flyer 

The  antenna  should  be  attached  to  a stable  Space  Station  allowing  controlled 
illumination  by  a Teleoperator  Illumination  system. 
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LASER  COMMUNICATIONS  AND  TRACKING  DEVELOPMENT  EXPERIMENT 


Mission  Objectives 

Lw/power6 ( <1 OO*!™  l^n??*  f?F  the  development  of  *dl'»-Re"9«  (<10  km). 

Laser  ?ol1d  st»te  Laser  Cornnuni cation  Links  using  Space  Based 

deJelo^Mt  Ind  °9y'e  ln.»f«1^0n,  the  exPer1me"t  would  enable  the 
aeve  opment  and  Testing  of  a VLSI  Superwafer  Laser  Array. 

Mission  Description  • « 

"tod«"ewiulSthr°nUr^UlM  "?°d*“  4S$wb11«  containing  laser  superwafers. 
T«ts  of  thl  ?!r0«‘p*“  *tit1on  4PPend*9es  and  teleoperator. 

for  various  attr?n3«  ^ 1 bet“**"  th*  Sp4C#  Stat1on  4nd  4 teleoperator 

alona  w th  "°uld  1nc1ud«  acquisition  and  tracking  tests 

verify  that  ^her<?!TU  °f  !rror  P*rfonMnce-  The  experiments  would 
Staten  Th!ph  1 cowBunlcatlons  coverage  Is  possible  around  the  Space 
Station.  The  experiments  would  require  adaptive  experimental  node  placement. 

Benefit 


This  communications  system  will  provide  redundant  spherical  comnunlcatlons 

ranalna*  Sp4ce  st*t^oni  *»W  allow  simultaneous  communications, 

ranging,  and  po  ntlng  angle  data;  can  be  used  for  data  relay  and  strueturi 

fnr1dIrMdeterm1natl°n:  I111  Prov1de  Poxlmlty  position  - orientation  data 
handdidtlnVPpr?acb;  fnd  wln  suPP°rt  Other  capabilities  Including  wide 

or  frM^EVA^exper Iments . **  dl9lU1  St*Fe°  fr0B  8 STS  orb1ter- 


Justification 


?oythea^Jpat!^<eXPe^'?entS  ]nvo1y1"9  »A  4nd  other  activities  In  proximity 
frnmhtM?  It  Station  will  require  an  advanced  comnunlcatlons  system  developed 
from  this  enabling  experiment. 


Mission  Requirements  and  Capabilities 
A)  Orbital  Parameters  - No  specific  requirement 


occuo!  °P  Envelope  - Equipment  for  this  experiment  would 

an'avanlhi.  guttle  payload  bay  and  mass  capability.  This  assumes 

Jh.  bl  Jteleop*rator  $ystem  41  r*4^  on-orbit  which  can  accomodate  the 
tne  laser  nodes. 


experiment*  ^ P°"*F  requ1rements  “°u1d  <*  !«**  than  one  kilowatt  for  this 


(^g!hm)\^nmLil1M!,r*  wou1d  requ1re  low  operat1n9  terap*r4tures 

stabilisation  ^‘^l^l^! n#1  SpaC*  Stat1°n  alt,tude  contro1  4nd 
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F)  Viewing  - Nodes  would  be  located  on  outboard  appendages  to  minimize 
blockage  constraints. 

G)  Environmental  Constraints  - Minimum  RFI  from  Space  Station  coranunl cations 
systems. 

H)  Data  Management,  Conmuni cations  - A central  communications  control  center 
would  be  required  to  sequence  and  control  the  experiment. 

I)  Crew  Timeline  - Payload  specialists  would  be  needed  to  EVA  activities 

to  locate  the  Nodes  on  the  Space  Station  appendages  and  on  the  teleoperator. 


Space  Station  vs.  Free  Flyer 
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TELEOPERATOR  REAL  TIME  COWIUNICATIONS  EXPERIMENT 


I.  Mission  Objectives 

To  provide  a demonstration  of  RF  links  required  for  commands  and  video 
for  man- In-the- loop  control  of  a teleoperator. 

II .  Mission  Description 

This  experiment  would  evaluate  the  performance  of  a man  In  control  situation 
taking  into  consideration  the  effects  of  time  delays,  video  data  compression, 
etc.  It  will  determine  acceptable  levels  of  video  data  compression  and 
could  lead  to  a large  "telepresence"  experiment  Including  adaptive  automated 
control  concepts. 

III.  Benefits 

The  experiment  could  be  a part  of  a larger  "telepresence"  experiment  that 
would  be  performed  to  demonstrate  real-time,  man-ln-the-loop  control  of 
free  flyers,  from  the  Space  Station.  The  current  "multiple  access"  philo- 
sophy of  TDRSS  Is  not  compatible  with  many  of  the  RF  link  requirements 
for  this  real-time  control  application.  Direct  RF  links,  with  an  associated 
RF  subsystem,  must  be  designed  ar  i t valuated. 

IV.  Justification 

The  real  time  control  between  the  Space  Station  and  a Teleoperator  must 
rely  on  the  development  of  a reliable  RF  link  which  would  be  enabled  by 
this  technology  experiment. 

V.  Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters  - No  specific  requirement 

B)  Mass,  Volume,  Operation  Envelope  - One  STS  launch  would  be  sufficient 
assuming  an  existing  on-orbit  teleoperator. 

C)  Power  - The  power  requirements  would  be  less  than  1 kilowatt 

D)  Thermal  Control  - No  specific  requirement 

E)  Attitude,  Stabilization  - Nominal  Space  Station  stabilization. 

F)  Viewing  - No  requirement 

G)  Environmental  Constraints  - Minimum  RFI  from  Space  Station. 

H)  Data  Management,  Conmuni cat Ions  - Control  facility  for  RF  link 
experiments  required  on  Space  Station.  Teleoperator  communications  • 
link  would  be  developed  or  enhanced. 

I)  Crew  Timeline  - Teleoperator  communications  experiments  using  payload 
specialists. 
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J)  Operations  Schedule,  Maintenance,  Lifeline  - TBD 
Sgace  Station  vs.  Free  Flyer 


t0  Sp4C* stat,on  ind/or  Free 


Flyer  cornnunl cations 
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MULTI-FREQUENCY  HIGH  GAIN  ANTENNA  CONTROL  EXPERIMENT 


I .  Mission  Objectives 

To  develop  the  technology  base  for  dual  frequency  high  gain  multi 
frequency  antennas. 

II .  Mission  Description 

The  experiment  will  consist  of  a multi  frequency  antenna  with  mechanical 
aperature  control  and  limited  electronic  steering  of  the  composite  beam 
to  compensate  for  fine  errors  of  aperature  motion  and  movement  of  the 
Space  Station.  The  experiment  will  demonstrate  composite  pattern  control 
and  stability  when  communicating  with  spacecraft  In  sychronous  orbits. 
Communications  links  will  be  Investigated,  frequency  options  will  be  studied, 
and  optimum  combinations  will  be  Identified.  Frequency  selective  reflectors, 
dichroic  screens,  mul cl -frequency  antennas  with  mechanical  aperature  steering 
and  electronic  pattern  stabilization  will  be  developed.  An  engineering  model 
of  the  multi-frequency  unttnna  will  be  tested  In  space. 


III.  Benefit 


The  need  exists  for  simultaneous  operation  of  communications  links  at 
multiple  frequencies  between  the  Space  Station  and  a single  source.  The 
advantages  of  single  aperature  articulation  compared  to  2 or  3 apertures 
motion  with  their  effects  on  Space  Station  stabilization,  Induced  commun- 
ications noise,  and  antenna  steering  makes  this  approach  necessary. 


IV.  Justification 


The  eventual  application  and  utilization  In  a communication  link  requires 
performance  demonstration. 


V.  Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters  - No  requirement 

B)  Mass  Volume  Operational  Envelope  - Experiment  volume  and  mass  would 
be  less  than  the  capability  of  one  of  Shuttle  launch. 

C)  Power  - The  power  requirements  would  be  less  than  one  kilowatt. 

D)  Thermal  Control  - No  requirement 

E)  Altitude,  Stabilization  - Nominal  Space  Station  altitude  control  Is 
sufficient. 


F)  Viewing  - No  requirement 

G)  Environmental  Constraints  - Low  g perturbations  minimized. 


3S 


•«  *-<  , 


r-V 


J.  Randolph  (JPL)  8/27/8 2 
P9  16  of  16 


JJrt2rJKr,i2r, ess's  srtSrKr  “ - 

J)  Operations  Schedule,  Maintenance,  Lifetime  • TBD 
Space  Station  vs.  Free  Flyer 

The  antenna  would  be  attached  to  the  Space  Station. 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title: 

Space  Structures  Technology  Development 
Static/Dynamic  Testing 
Experiment  Title: 

Dynamics  of  Lightly  Loaded  Structures 

Mission  Objectives: 

Determine  dynamic  characteristics  of  large  structural  systems  for 
use  in  orbital  operations  where  static  load  requirements  are  small. 

The  dynamic  stiffness  and  damping  characteristics  of  structures  such 
as  antenna  dishes  and  manipulator  systems  which  would  be  non-functional 
in  1-G  will  be  studied. 


Langley  Contact: 
B.  R.  Hanks 


Mission  Description: 

Candidate  structures  would  be  deployed  or  erected  using  space  station 
as  stable  platform.  General  size  class  would  be  30-100  m.  Dynamic 
inputs  would  be  provided  and  response  data  measured  using  space  station 
as  a laboratory.  Experiment  duration  may  be  one  week  or  more. 


Benefit: 

Building  orbiting  space  structures  of  anything  other  than  flimsy 
components  may  be  unnecessary  provided  sufficient  confidence  in  such 
components  can  be  developed  in  flight  experiments.  Substantial 
reductions  in  launch  costs  and  increases  in  the  utility  of  large 
spacecraft  may  be  realized  through  the  use  of  ultra-light  structures. 


Justification: 

For  stated  benefits  to  accrue,  methods  of  predicting  large  dynamic 
motions  and  behavior  of  flimsy  structures  are  needed.  The  inherent 
effects  of  gravity  make  any  Earth-bound  study  of  such  structures 
invalid.  The  sizes  required  preclude  0-G  aircraft  flights. 


Mission  Requirements  and  Capability: 

Requires  0-G  test  environment  for  one  week  or  more.  Structural  sizes 
up  to  100m  involved  for  up  to  one  week  or  more.  Space  station  mounted 
optical  measurement  devices  are  necessary. 


Space  Station  vs.  Free  Flyer: 

Space  station  provides  controlled  base  from  which  measurements  are 
made.  Eliminates  need  for  flight  control  system  which  would  likely 
be  difficult  or  impossible  to  preclude  from  adverse  effects  on 
experiment.  Reduces  cost  considerably. 
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Mission  Title:  Space  Structures  Technology 
Development 

Experiment  Title:  Spacecraft  Strain  & Acoustic  Emi 


Langley  Contact:  Joseph  Heyman 
MS  499/  X3418 


ssion  Sensors 


bjectives:  Develop  technology  necessary  to  examine  spacecraft  structures 
and  provide  long-term  structural  verification  through 
advanced  Nondestructive  Evaluation  (NDE) . Test  such  systems 
on  early  spacecraft  missions  and  improve  to  meet  monitoring 
needs. 


Mission  Description:  Advanced  acoustic  emission  sensors  designed  and  built  into 

the  spacecraft  structure  will  be  monitored  during  the  mission 
by  a preprogramed  computer.  The  sensors  will  be  developed 
and  tested  on  the  ground  and  will  take  advantage  of  our 
current  R&D  program  output  to  provide  state-of-the-art  sensors. 
Additional  sensors  designed  to  monitor  strain  with  acoustics 
and  fiber-optic  interferometric  sensors  which  have  been 
developed  at  LaRC  will  be  structurally  integrated  as  well. 

Benefit: 

The  life  of  the  Spacestation  may  very  well  depend  on  integrated 
NDE  with  the  structural  design  and  Quantitatively  monitoring 
material/structural  properties  during  long-term  space 
environment  exposure  (environment  plus  control).  Proper  monitorir 
may  both  identify  problems  before  they  become  critical  as  well 
as  prevent  problems  caused  by  improper  control  technology. 


Justification: 


Need  for  real  spacestation  environment  and  long  duration 
tests  to  evaluate  methodology. 


Mission  Requirements  and  Capability:  Spacestation 


Space  Station  vs.  Free  Flyer: 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title: 

Spacecraft  Materials  Technology 
Experiment  Title: 


Langley  Contact: 

D.  R.  Tenney,  W.  S.  Slemp, 
G.  P.  Sykes 


Mission  Objectives: 

To  provide  a technology  data  base  for 
in  space 


long  tern  use  of  advanced  materials 


Mission  Description: 

The  proposed  mission  would  provide  a unique  opportunity  to  develop  a 
long  term  space  environmental  durability  data  base  on  advanced 
thermal  control  coatings,  adhesives,  composites,  and  polymer  films. 
Specific  experiments  would  be  developed  to  evaluate  the  effects  of 
each  exposure  parameter,  both  singly  and  combined,  on  the  properties 
of  these  materials.  Insitu  evaluation  of  properties  could  be  performed. 

Benefit: 

Long  term  exposure  data  is  not  available,  therefore  a data  base  would 
be  generated  that  would  provide  a basis  for  more  efficient  space 
structure  design.  The  generated  data  would  provide  verification  for 
ongoing  materials  exposure  programs  in  ground-based  facilities. 


Justification: 

Long  term  laboratory  simulation  experiments  are  expensive  and  limited 
because  a complete  space  environment  consisting  of  extreme  ultraviolet, 
vacuum,  atomic  oxygen  and  thermal  cycling  cannot  be  duplicated  in  the 
Earth-based  laboratories. 


Mission  Requirements  and  Capability: 

Space  station  is  required  to  provide  access  for  specimen  removal, 
replacement  and  periodic  insitu  testing.  Power  (level  TBD)  would 
be  essential.  Orbit  requirements  designed  to  provide  maximum 
environmental  expsoure. 


Space  Station  vs.  Free  Flyer: 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Langley  Contact: 

Spacecraft  Control  Technology  Development  L.  W.  Taylor,  Jr. 


Experiment  Title: 

Advanced  Adaptive  Control  Technology  Demonstration 


Mission  Objectives: 

Evaluate  adaptive  control  techniques  required  by  advanced  space  station 
configurations.  These  adaptive  control  techniques  will  Include  closed- 
loop  systems  identification. 


Mission  Description: 

Advanced  adaptive  control  laws  will  be  provided  as  selectable  alternatives 
to  operational  control  lavs.  Various  advanced  techniques  will  be  evaluated 
with  the  operational  system  serving  as  a backup. 


Benefit: 

Systems  identification  and  adaptive  control  technology  must  continue  to 
evolve  as  space  stations  become  more  complex  and  flexible.  Advanced 
techniques  must  be  validated  prior  to  operational  use. 


Justification: 

Technology  supports  space  station  evolution  and  therefore  requires 
realistic  large  flexible  structures  as  a test  bed.  Ground  testing  of 
this  technology  is  not  possible. 


Mission  Requirements  and  Capability: 

Essentially  the  same  as  the  operational  control  system.  Expanded  or 
modified  computational  capability  is  anticipated. 


Space  Station  vs.  Free  Flyer: 

Technology  applies  to  multibody,  flexible  space  stations  as  opposed  to 
single  body,  relatively  stiff  free  flyers. 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title: 

Spacecraft  Control  Technology  Development 


Langley  Contact: 

C.  R.  Keckler 


Experiment  Title: 

Advanced  Control  Device  Technology  Demonstration 


Mission  Objectives: 

Evaluate  momentum  storage  control  devices  (e.g.,  third  generation 
control  moment  gyros  (CMG's),  second  generation  magnetically  suspended 
momentum  ri^js  (AMCD's))  required  by  advanced  space  station  configurations. 


Mission  Description: 

Advanced  control  devices  will  be  provided  as  selectable  alternatives  to 
operational  control  devices.  Various  advanced  devices  will  be  evaluated 
with  the  operational  system  serving  as  a backup. 


Benefit: 

Control  device  technology  must  continue  to  evolve  as  space  stations 
become  more  complex.  Advanced  devices  can  be  qualified  in  space  using 
the  operational  system  to  insure  safety. 


Justification: 

Technology  supports  space  station  evolution  and  therefore  requires  the 
space  station  environment  for  realistic  dynamic  testing  and  long  duration 
life  testing. 


Mission  Requirements  and  Capability: 

Essentially  the  same  as  the  operational  control  devices.  Expanded 
software  is  anticipated  for  the  dual  hardware  interfaces. 


Space  Station  vs.  Free  Flyer: 

Validation  on  the  vehicle  of  intended  application  is  desirable.  Life 
testing  could  be  accomplished  on  a free  flyer;  dynamic  control  testing 
must  be.  performed  on  a large,  multibody,  flexible  structure. 
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Mission  Title:  Spacecraft  Control  Technology  Development 

Langley  Contact:  H.  M.  Adel  man 


Experiment  Title:  Thermal  Shape  Control  Technology 

Mission  Objectives:  Determine  the  feasibility  of  controlling  shape  distortion  by 
on-board  heating. 

Mission  Description:  A large  flexible  panel  will  be  attached  to  the  space 
station.  Heaters  will  be  mounted  to  the  panel  at  a number  of  locations.  Sensors 
located  on  the  panel  will  detect  deviations  from  the  required  shape  and  trigger 
the  heaters  to  generate  a temperature  distribution  In  the  panel  which  will  offset 
the  unwanted  distortions. 

Benefit:  Control  of  distortions  by  thermal  means  has  these  benefits  relative  to 
control  by  applied  forces:  Thermal  loads  are  self-equilibrating  and  their  use 

avoids  possible  drift  and  orientation  changes  associated  with  unbalanced  forces; 
solar  heating  and  on-board  generated  heat  Is  available  to  activate  the  heaters; 
the  stresses  in  the  panel  resulting  from  the  heat  loads  would  be  smaller  than 
those  associated  with  applied  forces. 

Justification:  Verification  of  the  concept  of  thermal  shape  control  requires  a 

long  duration  mission  In  a low-g  environment.  Ground  tests  and  Shuttle  flight 
tests  are  precluded  because  of  Inadequate  facilities  to  simulate  precise 
conditions  of  sustained  orbital  heating  and  to  accommodate  the  large-sized  test 
article  required. 

Mission  Requirements  and  Capability:  The  experiment  requires  a highly  variable 

thermal  load  environment  characteristic  of  low  earth  orbit  with  periodic  shading 
of  the  panel  by  the  space  station. 


Zi.Z£K?jti7s  divelc* nas:  mission  mzri?zio: 

Titj«:  Large  Antenna  Development  Langiev  Contact:  V.  L.  Grant  j 

3631 

Experiment  Title:  lsa  Short  and  Long  Baseline  Technology  Development  end 

Utilisation 

y.ittA or  Objective!:  Prove  enabling  technologies  associated  with  short  and  long 
baseline  LSA  receiver  system  designs  suitable  for  radio  astronomy  and  Search  and 
Rescue  use. 


or  "turi Short  Baseline — Utilise  extreme  ends  of  specs  station  as  base- 
line separation  of  Interferometric  antennas. 
Long  Bn  saline Utilise  space  station  and  Free  Flyer. 

Microwave  receivers  and  antennas  would  be  implemented  for  orbital  operation  with 
antenna  baseline  lengths  up  to  300  ft.  Known  earth  and  galactic  targets  would  be 
used  to  evaluate  system  designs  and  performance. 


T Improve  Radio  Astronomy  systems  and  provide  baseline  evaluation  of  potential 

search  and  rescue  techniques. 


„1us:ific*tior.:  Current  radio  astronomy  methods  are  limited  by  fixed  earth  bound 

large  antennas  af fee tad  by  atmospheric  and  ionospheric  phenomenon.  Space  bases 
operation  would  avoid  this  problem  and  allow(for  Search  and  Rescue)  full  earth 
surveillance. 


Mirsaor.  nequirtrents  and  Capability: 
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Fpeie  Static*  vs.  Tree  Fiver:  Both.  (Sea  Mission  Description) 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Langley  Contact: 

Earth  Observations  Instrument  Development  H.  G.  Reichle,  Jr. 


Experiment  Title: 

MAPS  (Measurement  of  Air  Pollution  from  Satellites) 


Mission  Objectives: 

To  provide  technology  base  for  the  development  of  passive  remote 
sensor  of  atmospheric  trace  gases 


Mission  Description: 

Modular  instruments  which  would  allow  changing  of  components  would 
be  flown.  Various  tests  to  determine  such  things  as  optimum  bandpasses, 
filtering,  and  scanning  could  be  performed  for  different  instrument 
concepts  and  target  gases. 


Benefit: 

Current  test  methods  involve  the  use  of  Shuttle  sortie  missions  for 
techniques  development.  Lead  times  for  integration  are  long  and 
available  missions  are  very  few  in  number  causing  development  to 
be  very  slow.  Accelerated  development  would  allow  much  earlier 
global  trace  gas  assessments. 


Justification: 

Need  space  environment.  Wide  geographical  coverage  affording  a 
variety  of  atmospheric  conditions.  Ability  to  make  instrument 
adjustments  on  orbit  to  optimize  test  results. 


Mission  Requirements  and  Capability: 

Altitude  and  inclination  not  critical.  Must  be  Earth  viewing 
attitude  (Nadir  -5°).  Weights  generally  of  order  100  kg,  power  of 
order  200  watts.  Instrument  thermal  control  required. 


Space  Station  vs.  Free  Flyer: 

Free  flyer  would  suffer  all  disadvantages  of  sortie  mission  but 
to  an  even  greater  degree.  Free  flyer  would  not  allow  easy  on  orbit 
instrument  modifications,  hence  is  not  a viable  alternative. 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title: 

Earth  Observations  Instrument  Development 


Langley  Contact: 
R.  V.  Hess 


Experiment  Title: 

CO^  Lidar  for  Atmospheric  Trace  Gas  Concentration  and  Wind  Velocity/ 

Missiof0^^v^d(/^e  technology  for  high  pulse  energy  and  high  repetition 
CO2  lasers  with  high  frequency  stability  and  wide  tuning  range  and 
wide  tuning  range  and  long  laser  life  times 


Mission  Description: 

The  mission  will  provide  the  technology  for  the  mission  objectives. 

Key  issu'J  are  establishment  of  the  laser  characteristics  in  the  space 
station  environment  with  benefits  from  the  manned  technology  laboratory 


Benefit: 

The  availability  of  higher  power  than  on  the  Shuttle  will  provide 
vital  information  for  environmental  atmospheric  studies  and  for 
meteorology  for  improved  weather  prediction  for  civilian  and  military 
purposes 


Justification: 

Demonstration  of  C00  Lidar  from  the  space  station  with  availability 
of  high  powers,  is  of  great  importance  for  global  environmental  and 
meteroological  studies,  which  cannot  be  conducted  from  the  ground. 

The  experiment  could  also  be  applied  to  evaluation  of  rendezvous  with 
non-cooperative  targets 


.•lis9ion  Requirements  and  Capability: 

Power  requirements  of  25  kw  and  higher 


Space  Station  vs.  Free  Flyer:  . . , 

Applicability  of  experiment  to  free  flyer  will  be  determined  by 


demonstration 
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U*K  Earth  Obaervatlons- 

Instrument  Development 


U^iiev  Contact : L.  D.  Staton 
3631 


11,1.;  tot .lilt.  Poppl.r  Mat.orologlcal  tod.r  T.chnolog, 

t‘Ch1'010^  Doppl.i  r.d.r 

..or.  .y«~  Jfd  V“tM  Wlod  "Ct0r  —ocl.fd  with 

using  millimeter  waves  will  v.  ©logical  features.  Developmental  techniques 

•f  .or  precipitating  «.luat.d  to  provldt  thra.  dtoanalonal  d.flnltlon 


..V^.d*  f o/^-orblt  r,d*r  -111  b* 

additional  r.e.lv.r  chJKJ  ^3  «^T£2S  22  *nd/0r 

■aturaa  to^rd.  . froof-of-Conc.pt  d..i,n  f"  'pSLS^gSSlSaT^  ,XP*ri-nt 


cloudV  •nv^o^~Dnot,acMMlbUC^**th“d  ’““h*'  r,lB  r*'tM>  “*l  wind.  within 
•cal.  would  h™ ,'oZL.  °l  th*  “d  « • ilob.l 

and  related  activities.  orolofT*  crop  predictions,  flood  predictions. 


*rUr  r,d*r  “d  im  •*««»  «• 

would  allow  a final  coat  •ff.LiJ^«^i!P"*0t*1  ■odul,rl*.<1  tod-On  approach 


laaat  In  initial  eon«ftr.u«.r£i?I  "•  *«•'*■“«  » atatlon  (at 

.thar  radar  c<«p„n"t. JSS  .SlH ' "Odlflc*tl0°  °f  “d 

«dularit«l  al.ctro.lca,  data  handling^S^;  -Ki^1^1*  h~M  th* 


|**a 


ce  Station 


original  PAGE  !S 

POOR  QUALITY 


v*.  Tree  flyer:  Space  Stetloo 
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Milfior  Title : 


Iftrch  Observation  Instrument 


Langley  Contact  :*•*•  ®*rr ingte* 


Lxp«r imcn:  Title:  Microwave  Remote  Seating  Technology-Passive  Syitm 


Objectives:  Demonstration  of  smart  sensor  technology  for  passive  microwave 

rt"°5#  *4A#ur***nta  with  real  time  target  adaptable  sensor  node  optimisation  such  as 
resolution  cell  site  and  measurement  accuracy. 


on:  a multiple  frequency,  multiple  beam  imaging  microwave  radio- 

®«ter  system  would  be  developed  and  evaluated  in  space  to  measure  several  geophysical 
: * t *nj* t era  simultaneous.  These  parameters  are  soil  moisture,  sea  surface  temperature, 
ocean  surface  wind  speed,  rain  rate,  sea  ice  classification  data,  atmospheric  data,  etc 


y *lssion  is  needed  to  develop  and  demonstrate -the  technology  for  future 

operational  earth  observational  satellites  for  measurement  of  many  Important 
geophysical  parameters  using  passive  techniques. 


.’ust..i cation:  The  feasibility  of  geophysical  parameter  measurements  from  passive 
aicrowave  instruments  has  been  demonstrated  using  satellite  radiometers  such  as  ESMR 
and  SMMK.  However,  additional  microwave  InstnaMnt  and  algorltlm  development  work  is 
required  to  bring  these  measurements  from  a feasibility  demonstration  to  an  optimum 
operational  basis. 


Missies  Acquirements  and  Capability: 


Orbit:  Altitude  300  to  1300  km 

8/C  Interface:  Height  200  ken 
Volume  1.3  m5 
Power  200  watts 


.ration  vs.  Free  Five*:  Space  station  preferred  to  take  advantage  of  nan-in- 

t he-loop  modes  necessary  to  develop  smart  sensor  technology  in  the  moat  optimum  way. 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Langley  Contact: 

Earth  Observations  Instrument  Development  W.  E.  Howell 

Experiment  Title: 

Earthbound  Oriented  Instrument  Development 
Mission  Objectives: 

To  develop  instrumentation  which  senses  various  Earth-bound  phenomena. 
Mission  Description: 

Present  space  instrumentation  which  is  intended  to  sense  Earth-based 
phenomena  is  restricted  ro  highly  selected  bands  in  the  electromagnetic 
spectrum  (e.g.  the  visible  and  relatively  narrow  RF  regions).  As  our 
speculation  and  understanding  of  various  physical  processes  increase,  we 
will  need  to  develop  sensors  with  an  increasingly  wide  variety  of  attributes. 
These  sensors  will,  of  course,  be  initially  built  and  limited  testing 
performed  on  the  Earth;  however,  full  operational  potential  can  be  best 
obtained  if  developmental  testing  is  done  from  the  space  station. 

Benefit: 

One  of  the  major  problems  in  developing  such  scientific  and  operational 
instrumentation,  especially  when  the  physical  process  to  be  sensed  is 
only  partially  understood,  is  the  need  for  specialized  facilities  which 
duplicate  the  expected  environment.  For  the  class  of  instruments  discussed 
here,  the  environment  of  interest  is  usually  related  to  atmospheric 
absorption  in  the  new  region  of  interest,  effects  of  various  viewing  or 
illumination  angles,  seasonal  variation,  and  effects  of  various  degrees 
of  cloud  cover  or  moisture  content.  The  space  station  provides  an  ideal 
facility  for  rapid  assessment  of  these  and  as  yet  undetermined  factors 
without  continuing  major  investments  in  new  developmental  facilities. 
Furthermore,  it  is  often  the  case  that  the  solution  of  very  difficult 
problems  become  intuitively  clear  when  all  the  proper  constraints  are 
brought  together  in  such  a facility. 

Justification; 

For  these  tasks,  the  space  station  provides  an  all  encompassing  facility 
with  exact  modeling  of  all  known  and  unanticipated  phenomena  of  interest 
for  Earth-oriented  sensors. 

Mission  Requirements  and  Capability: 

Such  missions  require  continuous,  or  at  least  long-term  (hours)  Earth 
orientation;  usually  nominal  power  and  environmental  control.  Some 
experiments  will  require  sensor  cooling  ranging  variously  from  nominal 
through  cryogenic. 

Space  Station  vs.  Free  Flyer: 

Manned  intervention  in  the  development  process  is  critical  to  mission 
success;  therefore,  a free  flyer  is  inappropriate. 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Advanced  Energetics  Research-I  Lsnglejr_Cor^ct : j,  Conway 


Experiment  Title:  Deployment  and  Testing  of  Large  Solar  Concentrator 


Mission  Objectives;  To  develop  and  deploy  a large  permanent  mirror  facility 
to  capture  and  concentrate  AM-0  solar  radiation.  To  accurately  establish 
the  optical  characteristics  of  this  facility  through  systematic  measurements, 
and  to  assess  the  long-term  stability  of  the  optical  characteristics  of  the 
mirror. 


Mission  Description:  The  mission  will  provide  the  facility  necessary  for 
other  Advanced  Energetics  missions.  It  will  require  development  and  deployment 
of  a large  stable  concentrating  reflector,  and  will  permit  assessment  of  the 
stability  of  1)  reflecting  optical  coatings.,  and  2)  mechanisms  for  producing 
and  holding  optical  quality  reflector  shapes  in  the  space  environment.  . 


Benefit:  This  facility  would  be  required  for  other  experiments  and  would  be 
a test  item  Itself  for  optical  coatings  and  shape. 


justification:  Currently,  space  solar  energy  Is  only  used  as  a power  source 
with  large  flat  plates  of  photovoltaic  cells.  Other  conversion  schemes 
for  solar  energy  (such  as  solar-pumped  lasers,  solar-sustained  plasmas 
and  solar  thermal  engines)  have  been  conceived,  but  most  require  solar  con- 
centration. This. mirror  would  provide  the  well-characterized,  high-quality 
concentrator  tn  t'he  AM-0  environment  necessary  to  properly  develop  and  test 
advanced  energy  concepts. 


Mission  Requirements  and  Capability:  The  facility  will  require  pointing 
and  tracking  to  be  useful . EVA  will  be  required  for  deployment  and 
intensity  mapping. 


Space  Station  vs.  Free  Flyer:  a significant  effort  will  be  required  to 
deploy  a large  high-quality  reflector.  More  effort  will  be  needed  to  charac 
terize  Its  operation.  Thus,  it  requires  man  in  the  set-up  loop.  Later 
it  will  require  man  to  install,  checkout,  operate,  and  repair  advanced 
experiments.  This  facility  requires  a manned  spacecraft  with  a mission 
life  that  is  very  long  compared  to  the  set-up  and  mapping  time  for  the 
mirror. 
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(.'  Advanced  Energetics  Research  - II  Ungley  Contact:  £,  j,  conway 

Experiment  TUU:  Test  Solar-Pumped  Lasers 

^^ar- pumped  ^aser  us Ing^th^AM-O ^o  1 a r ^ s d!3 * ^ 3nd  jjest  the  operation  of  a 
optical  concentrator  deployed  and  cha?Icteri«r«nd  t0  3 1ar9e>  h’9h-quality 
To  provide  a realistic  So*K  otslSeraTfol"  ^ °bjective 


P^^^f^^the^uiriola?  snirrdem°?Str2te  f0r  the  f1rst  time  solar- 
Jt  -HI  provide  ft?  ISlrfi  » s'uSt'oT ft  * Sl?S!]“ed 

is  spectrum  and  temperature-dependent  anTCill^l?!  l«er  efficiency  which 
to  assess  lasant  stability  and  lasant  reconsiltS^  If^ency:'^  °peration 

space  power  and  p^ffsio^^TMs^in ^e^helr  f?V°iUti°nary  advances  in 
Solar-pumped  lasers  offer  low-maintenanrl  th?l!  fl  p!t  savere  space  test, 
srm  tests  will  assess  the  c"a?m  o?i™  s?1ar  conversion.  Long- 

-ompared.  tne  Clalra  of  1°“  maintenence.  Several  lasants  can  be 


pSlKy  b^economical"  f^soac^rV?5*  benef1ts  for  sPace  P«>- 
space  processing.  Trial  and  develoDment^f^h]0  POw*r*  con™"1cat1ons,  and 
establishing  its  feasibility  and  reliability?1  1s  crucial  to 


Mission  Requirement- « and  CaDabilitv  tu j__, 

repeatable  pointing  of  the  concent'rlto/tL^n  Wil1  recluire  accurately 
Placement  of  the  laser  in  the  calibrating!?  the.sun  and  away  from  it. 
attachment  to  thermal  radiator!  will  £2ui?I  fvI*91?"  °f  the  concentrator  and- 
measurements  may  also  require  human  hl?p  EVA'  User  P°wer  and  temPerature 


1^®  MseraandniTakingrmeaJureme:ntshandUlasantVchae,rent  reqV1>ed  in  Installing 
spacecraft.  Long-term  operation  Jhf  h !es  re(lu1res  a manned 
a long-duration,  manned  spacecraft.  Also  ^/the  hi'!hkS  °L",onths)  requires 

' ,uu».  j* 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Advanced  Energetics  Research  - III  Lsnjlay .Contact : E.  J.  Conway 


Experiment  Title:  Laser-to-Electrlc  Energy  Conversion 

Mission  Objectives:  To  characterize  and  compare  for  space  operation  the 

performance  of  laser-to-electrlc  power  converters,  and  to  demonstrate  short- 
range  laser-power  transmission  In  space. 


Mission  Description:  Using  a solar-pumped  laser  deployed  and  characterized 

under  an  earlier  mission  objective,  transmission  over  the  longest  spacecraft 
dimension  will  be  performed  and  the  Intensity  pattern  at  the  convertor  site 
measured.  An  assessment  of  convertor  performance,  efficiency,  stability  for 
long-term  operation  and  resistance  to  environmental  Interference  or  degradation 
will  be  performed  for  a set  of  convertors. 


Benefit:  By  flight  “time,  terrestrial  R & D will  have  developed  several  useful 

laser-to-electrlc  power  conversion  devices.  Their  efficiency,  stabll Ity  and 
reliability  will  require  extensive  space  testing.  Their  environmental  Inter- 
action and  the  maturity  of  the  technologies  will  be  assessed  and  Improved  as 
required. 


Justification:  The  high  cost  and  limited  quantity  of  electric  power  In  space 
has  been  identified  as  a limiting  factor  to  expanding  space  activities. 

A change  of  function,  from  each  spacecraft  generating  Its  own  power  to  specialized 
central  power  stations  producing  and  beaming  power,  could  provide  much  more 
available  power  at  reduced  costs.  R & 0 to  assess  these  possibilities  will 
require  substantial  space  testing. 


Mission  Requirements  and  Capability:  The  major  requirements  will  be  periods 

of  manned  interaction,  long-term  constant  power  operation  of  the  laser  and 
recording  of  data  for  post-flight  study. 


Space  Station  vs.  Free  Flyer:  This  program  requires  man  tended  operation  and 
use  of  calibrated  and  operational  facilities  already  developed  and  in  place  on 
the  space  station  from  earlier  experiments. 
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Mission  Title:  Advanced  Energetics  Research  - IV  Langley  Contact:  E.  J.  Conway 


Experiment  Title;  Laser  Propulsion  Test 


Mission  Objectives:  To  measure  the  thrust  and  specific  impulse  of  one  or 
more  laser  propulsion  systems,  and  to  assess  the  adequacy  of  ground-based 
measurements,  and  to  test  the  life  expectancy  of  a laser  engine. 


Mission  Description:  The  mission  will  be  the  first  systems-level  test  of 

laser  propulsion  in  space.  It  will  test  thrust  and  specific  impulse  as. well 
as  system  characteristics  such  as  steady-state  wall  temperature,  propellant 
mass  flow  rate.  A high-power  laser,  either  solar-pumped  or  electrically 
pumped,  will  be  required  for  this  mission.  Life  tests  will  be  performed. 


Benefit:  Studies  show  that  laser  propulsion  offers  large  cost  savings  for 
OTV's  operating  in  a heavy  traffic  mode.  By  the  early  1990's,  prototype 
laser  propulsion  systems  will  be  developed  and  tested  on  the  ground.  Their 
further  development  will  require  .verification  by  a space  test  of  the  perfor- 
mance in  test  chambers.  This  mission  is  designed  to  test  propulsion  system 
parameters  and  establish  a reliable  estimate  of  benefit. 


Justification:  Several  studies  have  shown  that  laser  propulsion  for  OTV 

applications  could  be  much  less  expensive  than  chemical  propulsion.  Without 
aggresive  research,  technology  development  will  not  be  realized. 

This  mission  is  designed  to  demonstrate  and  advance  the  state  of  the  art  in 
laser  propulsion.,. 


■Mission  Requirements  and  Capability:  An  adequate  laser  power  source  operating 

at  the  correct  optical  frequency  will  be  required.  Laser  pointing  and  tracking 
will  not  be  required  since  transmission  can  be  over  a distance  of  approximately' 
the  longest  dimension  of  the  space  station.  Adjustment,  control,  alignment,  and 
repair  are  expected  to  require  manned  interaction.  Depending  upon  the  magnitude 
of  the  laser  thrust,  an  opposed  non-laser  engine  may  be  required. 


Space  Station  vs.  Free  FI yen  These  tests  will  require  man  for  deployment,  to 

?"d  measure  m?xlmum  performance  and  to  assure  safety  for  the  spacecraft 
and  the  laser  propulsion  system.  Because  it  requires  a high-power  laser,  either 

larop’Ehnfnd  :e?ulr1ns‘he  concentrator)  or  electrically  pumped  (requiring  a 
large  photovoltaic  panel),  the  resources  of  a space  station  will  be  required. 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Advanced  Energetics  Research  - V Langley  Contact:  E.  J.  Conway 
Experiment  Title:  Solar-Sustained  Plasmas 


Object  Ivea:  To  demonstrate,  contain,  and' characterize  solar-sustained 

plasmas  and  to  operate,  assess,  and  refine  MHD  electric  power  generation  in 
space  and  plasma  thruster  performance. 


Co?c?ntrated  sunlight  will  excite  a plasma.  Characteristics 
nLfnLP  5 d *ts  containment  system  will  be  assessed  In  terms  of  theoretical 
h6  anK  Pnor  terrestrial  tests.  After  suitable  control  and  under- 

a^ieved,  the  plasma  will  be  used  in  MHD  electrical  generating 
i6!  c Vdentlfy  !heir  ?pace  feasibility  and  operating  constraints.  The  plasma 
for  MPD  thbe  aSSeSSed  as  the  exhaust  medium  for  thermal  plasma  thrusters  and 


The  direct  use  of  solar  radiation  to  produce  plasmas  will  enable 
smaller,  simpler  space  power  and  propulsion  systems.  Plasma  devices  which 
operate  at  high  temperature  require-  only  small  radiators  to  reject  waste 

neat  and  thus  offer  important  system  and  economic  advantages  for  future 
applications.  ^ . 


<!sV  e iar2?  am°unts  of  free  but  low  density  energy  exist  in  space 
in  the  form  of  sunlight.  Capture,  concentration  to  useful  levels,  and  control 
of  this  energy  is  presently  accomplished  with  photovoltaic  cells  and  storage 
batteries.  Optical  concentration  of  sunlight  and  the  production  of  hi gh— 
temperature  and  ionized  gases  could  provide  an  attractive  option  for  the  future, 
especially  for  near-earth  space  processing  requirements. 


Mission  Requirements  and  Capability:  Operation  and  testing  of  these  devices 

' ^quire  a large,  high-quality  solar  concentrator  (developed  and  put  into 
opera  ion  during  an  earlier  mission),  a high- temperature  thermal  radiator,  and' 
diagnostic  equipment  both  for  the  plasmas  and  for  device  operation..  Control 
by  on-board  scientist  will  be  required. 


Space  station  will  be  required  for  this  program 


Space  Station  vs.  Free  Flyer:  r __  ^ «..Ww  Wlia  (U 

since  the  research  and  testing  require  human  interaction?  long  term "operation?' 
auxiliary  equipment  and  electric  power  and  a large  high-quality  mirror  (which 
was  developed  under  an  earlier  space  station  mission). 


: 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Titles  Electronic  Materials  Processing  Langley  Contact:  Dr.  R.  K.  Crouch 

or  Dr.  A.  L.  Fripp 

, 928-3535  (FTS) 

Experiment  Title:  Growth  of  Compound  Semiconductor  Crystals 


Mission  Objectives:  To  provide  large  scale  facilities  for  the  growth  of 

compound  semiconductor  crystals. 


Mission  Description:  The  Materials  Processing  in  Space  (MPS)  program  will 

demonstrate  the  feasibility  J growing  compound  semiconductor  crystals  in  a 
low  gravity  environment.  The  growth  of  such  crystals  for  uses  other  than 
scientific  investigation  will  require  larger  facilities  such  as  anticipated 
to  be  available  on  space  station. 


®*n*fi*:  Tech™>l°gy  advancement  is  often  limited  by  the  lack  of  availability 

° ihl?^i?Ur^ty  materlals  with  high  crystalline  perfection.  This  program  will 
nelp  till  that  need. 


Justification: 
space  shuttle, 
ment  of  space, 
application  of 


The  MPS  program  is  doing  the  scientific  investigation,  on  the 
of  the  benefits  of  growing  crystals  in  the  low  gravity  environ- 
The  space  station  will  provide  the  capability  of  successful 
this  knowledge  by  growing  usable  quantities  of  crystals. 


Mission  Requirements  and  Capability:  High  temperature  furnaces  and  heat 

extraction  will  be  required  in  excess  of  that  available  on  the  space  shuttle. 


fSh^Ce„Sfr«i0?iVS*  Fre\F1yer:  Safety  low  gravity  requirements  indicate 

I manL/T  bf,beSt  but  complicated  controls  and  handling  may  require 

a manned  input.  Tradeoff  studies  would  have  to  be  made. 


*5-7 
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TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Electronic  Materials  Processing  Langley  Contact:  Jag  J«  Singh 


Experiment  Title:  Growth  of  Thin  Single  Crystal  Rhodium  Wafers 


Mission  Objectives:  Develop  technology  for  the  growth  of  thin  (500-1000  X) 
perfect  single  crystal  wafers.  One  specific  application  of  interest  is  to 
develop  Rh1"3  wafers  for  use  in  Pd103  Mossbauer  gravltometry. 


Mission  Description:  Our  efforts  to  date  have  not  succeeded  in  developing 

single  crystal  Rh103  wafers  of  sufficient  perfection  to  permit  successful 
Mossbauer  spectrometry  based  on  Pd103-Rh103  transition.  It  is  expected  that 
an  MBE  growth  experiment  in  near-zero  g environment  will  permit  strain-free 
crystalline  growth. 


Benefit:  Successful  detection  of  Mossbauer  transition  in  Pd10  will  permit 

detection  of  local  gravitational  anomalies  associated  with  underground  liquid 
or  metallic  ore  bodies. 


Justification:  A Pd1(33  Mossbauer  gravitometer  will  prove  very  useful  in 

arial  prospecting  for  oil  and  metal  ores. 


Mission  Requirements  and  Capability:  Mossbauer  Beam  Epitaxial  (MBE)  growth 
is  a slow  process  requiring  a mission  of  several  days/weeks  duration  in  near- 
zero g environment.  Successful  wafer  growth  will  also  require  intervention  of 
an  on-board  t^hnical  specialist  to  periodically  monitor/control  the  wafer 
growth  process 


Space  Station  vs.  Free  Flyer:  For  reasons  listed  above,  a free  flyer  platform 
will  not  be  suitable  for  the  projected  mission. 


TECMiOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Space  Manufacturing  Langley  Contact:  Charles  J.  Camarda 
and  Processing  Technology  Development 

Experiment  Title:  Fabrication  of  Lightweight  Cryogenic  Heat  Pipes 

Mission  Objectives:  Develop  the  technology  necessary  to  manufacture  and 

RTJK3  SJSSS 

53™  SpSVks 

pipes.  Toward  this  end,  several  types  of  working  fluids  heat-Dinp 

ri«n?nn*i  ?^°  L?  9 or  weldln9  could  be  Investigated  together  with 
fabr?catedflnHdr«tr31?9'  and  Sealins  Procedures.  Several  heat  pipes  will  be 
uiii  ha  <d  and<hfS*'  j sPace  and  their  performance  recorded.  Earth  test i no 
o^aZS  ehllnC!  I"*  d?si9ns  wi"  * ultralightweight  andnot  ca  !b?I 
ambient  ^mperature. 9 PreSSUreS  °f  the  ery°9enic  working  fluids  at 

1^0?  zzivu  ti  iJK-thSsrs* 

sav?ngrin  mass?  f tUre  °f  th*Se  heat  p1peS  1n  space  would  result  in  lar9e 
SwTOlSit"*  50hftf)bwilltreau?re1r?e  hV ra1 1 Slight  cryogenic  heat  pipes 

:s=  '™ 

**  -w.™  ssTsj  atfsirar&sL"  ,ei,,"s  •»•“* * 

SpEKE:  SsS— 

fsSfiS-S  3SHS.BHS1* 

procedures  involved  in  the  fabrication,  cleaning,  and  processing  of  She  heat 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title: 


Space  Teleoperator  Systems  Research  Langley  Contact:  A.  J.  Meintel 


Experiment  Title:  Manipulator  Controls  Technology 


ffigjgas  r™'- 

ss*,‘sus^s.*3  si » tr-  - 


CTIFEe  attach^  tn  rh  ll*htwel8"t  low-inertia  dual-arm  manipulator  system 
s ? ^JPiC*  Stati0n  or  associated  structure.  TOe  manipulator 

Wi“  be  controlled  from  a teleoperator  control  station  in  the  space 

modes  * * COBputer  interf*ce.  using  both  supervisory  and  direct  control 

TestsIUi^in1riet?eh“an,iPUlat0r,SySte”  wU1  be  in  a *P»«  station  laboratory. 

Tests  within  the  laboratory  will  include  evaluation  of  system  response-to  * 

validate  ground  based  models,  to  identify  system  parameters  a^d?o  develop 

adaptive  control  algorithms  for  zero  g operations  Experl^ntswUl  provide 

Baseline^ests^il^be^ond'et0^!03'* * KObility'  and  resP<>nse  to  bilateral  forces, 
operator  ^ -ing  the  tele- 

. ** 

«.Jn  *ddltlon  t0  tests  within  the  space  station  the  teleoperator  system  will 


TmrSveA'l™^8'10"  S^te”  WiH  perform  activities  outside  the  space  station 

“•"‘•I- 


Justification:  The  Shuttle  RMS  is  the  first  space  teleoperator.  It  also 

RMS  li£efi?he  handJCaP  ln  devel°Pment  space  teleoperator  technology.  The 
»•  na"1Pulators.  « a flexible,  coupled,  nonlinear  system.  The 
stabilization  and  control  problems  are  analogous  to  those  of  other  large  space 

^designed  fH^  ^ (“d  ^ been)  ®athenatlcally  modelled,  but  because  it 

and^develon  rl'Ti®  11  cannot  be  tested  under  lg  to  validate  its  characteristics 
and  develop  control  laws  that  will  improve  its  response  and  stability  Neutral 

buoyancy  tests  would  require  structural  changes  and  would  have  large^iscous 

,A  sPacf  station  would  provide  the  time  to  systematically  validate  the 

3*5  space- bas ed * te 1 eoperat or's y s tern" C 6 b“ed  °n  ^ true  m6a5Ured  characteristics 


2 


( 


7U^Kfltawi~n~C°n- .Also»tmany  teleoperator  systems  employ  bilateral  force 

th^maniDutator*  * °Per*‘or  « indication  of  the  force,  exerted  on 

the  manipulator  — or  tool.  The  RMS  is  not  a force  reflecting  «vst™ 

and  the  aft  flight  deck  has  limited  space.  The  space  station  would  have  rool 

^tenonJh°nal  bll<lier!!1  controllers-  *nd  the  effects  of  forces  trans- 
^talMtM  H P °T  *nd  the  restr»ints  required  for  zero  g could  be 


Mission  Requirements  and  Capabilities: 

" Mass,  volume,  operational  envelope-  AH  configuration  dependent.  TBD. 


S;is:grUd,w-t!g;ira..?ri;.g  ssscisg:"-  “d 

r“"“"d — «•  *•>«*««« 

P.'S*  Tl**!}"-  O.  scheduling  -111  b.  nec.ss.ry.  but  t.leoner.tlon 
technology  studies  schedule  can  be  flexible.  Operations  outside  space 
station  will  significantly  effect  crew  timelines. 


TECHNOLOGY  DEVELOPMENT  MISSION  DESCRIPTION 


Mission  Title:  Langley  Contact: 

Space  Station  Acoustics  Control  Technology  Development  D.  G.  Stephens 
Experiment  Title; 

Noise  and  Vibration  Habitability  Criteria  Validation 
M^-ipn  Objectives: 

validate  noise  and  vibration  environment  criteria  for  long  duration  manned  space 
mi ssions . 

Mission  Description: 

Objective  and  subjective  tests  will  be  conducted  to  validate  habitability 
criteria  developed  for  the  noise  and  vibration  environment  of  the  space 
station.  Tests  will  assess  the  effects  of  the  space  station  noise  and  vibration 
environment  on  hearing,  speech,  task  performance,  annoyance,  and  sleep  of  the 
crew.  Other  tests  will  measure  and  monitor  the  noise  and  vibration  environment 
aboard  the  space  station  for  comparison  with  predicted  environments. 

Benefit : 

The  experiments  would  provide  confidence  in  the  criteria  for  longer  duration 
missions  and  will  assure  maximum  crew  utilization. 

Justi f ication : 

The  vibroacoustic  environment  of  a space  station  will  directly  affect  the 
comfort,  performance  and  utilization  of  the  onboard  personnel.  Although 
criteria  can  be  developed  for  crew  habitability,  ground  based  tests  and 
simulations  cannot  piovide  sustained  low  "g",  long  duration  confinement  or  sus- 
tained exposure  necessary  to  validate  the  noise  and  vibration  criteria.  Compar- 
ison of  the  actual  environment  with  predictions  based  on  expected  effects  of 
zero  externa1  acoustic  radiation  on  the  Internal  acoustic  and  vibration  envi- 
ronment are  necessary  to  assure  the  adequacy  of  current  models. 

Mission  Requirements  and  Capability: 

Minimal  additional  mass,  volume,  power  or  environmental  constraints  beyond 
normal  crew  habitability  requirements  are  anticipated. 

Space  Station  vs.  Free  Flyer: 

A manned  long  duration  mission  Is  required. 
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David  Ennis 

Ames  Research  Center 


ACTIVE  OPTICS  TECHNOLOGY 


I .  Mission  Objectives 


To  provide  a technology  base  for  the  operation  and 
construction  of  large-aperture  segmented  mirrors  having  high 
surface  accuracy  optical  figure. 

I I . Mission  Description 

The  proposed  mission  will  Investigate  critical  technological 
Issues  germane  to  the  use  of  large  multi-segmented  active 
reflectors  In  future  space  projects.  Key  areas  of 
experimentation  are  maintenance  of  surface  figure  and  segment 
orientation  through  positional  accuators  and  control  algorithms; 
measurement  of  optical  Image  quality  through  wavefront  sensing 
and  laser  ranging  techniques;  deployment,  erection,  and 
mechanical  vibration  control  of  the  truss  support  structure  for 
the  primary  mirror;  and,  accurate  angular  pointing  of  the  antenna 
assembly.  Since  the  technological  readiness  of  the  assembled 
reflector  will  be  confirmed  by  astronomical  observations, 
technological  Issues  relating  to  Infrared  detectors  and 
associated  cyrogenlc  engineering;  microwave  reclevers,  and 
optical  fibers  will  also  be  addressed. 

III.  Benefit 


Due  to  the  generic  nature  of  the  optical  technology  research 
comprising  the  proposed  mission,  the  results  will  be  applicable 
to  several  types  of  NASA  advanced  space  projects.  Future 
high-spatial  resolution  remote  sensing  of  earth  resources  and 
environmental  conditions  will  require  large  diameter  active 
reflectors.  An  active  space-optics  technological  base  will  also 
be  required  for  high  bit-rate  microwave  communication  antennae 
used  on  planetary  spacecraft;  solar  heat  collecting  mirrors;  and 
space  telescope  systems  such  as  LDR , the  Large  Deployable 
Refl ector . 

IV.  Justification 


The  Active  Optics  Technology  Mission  will  require  a prolonged 
time  exposure  to  the  space  environment.  Low  gravity  conditions 
are  needed  to  Insure  realistic/useful  technological  data  as  well 
as  to  Investigate  capillary  confinement  techniques  used  to 
contain  cyrogenlc  fluids.  In  order  to  demonstrate  the  lifetime  of 
positional  and  accuatlng  active  mirror  components  and  to 
Investigate  the  time- 1 ntegrated  effects  of  particle  radiation 
damage  of  Infrared  detectors,  the  Mission  should  have  a several 
year  duration.  Optical  technology  concerns  specifically  related 
to  the  environment  of  space  Include  the  thermal  deformation  of 
the  mirror  figure  due  to  solar  Illumination;  the  effect  of  solar 
wind  torques  on  reflector  pointing;  and  the  effect  of  a vacuum  on 
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resin-matrix  structural  composites.  Manned  Interaction  will  be 
necessary  for  mission  operation  In  the  following  areas: 
deployment  and  Initial  alignment  of  mirror  panels  and  back-up 
structure;  control  of  subsystem  experiments;  and 
development  of  the  astronomical  observing  program. 

V . Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters-  Orbit  altitude  and  Inclination  angle 
should  be  chosen  to  maximize  the  potential  of  the  astronomical 
ob  ervatlons. 

B)  Mass,  Volume,  Operational  Envelope-  In  order  to  allow 
reasonable  scaling  of  the  technological  data  obtained  In  this 
mission,  the  test  mirror  should  be  composed  of  several  panels 
each  1-4  meters  In  diameter. 

C)  Power-  The  power  requirements  are  dependent  upon  the  specific 
details  of  the  Instruments  employed. 

D)  Thermal  Control-  Thermal  Insulation  on  the  rear  surface  of  the 
mirror  panels  and  a passive  sunshleld  will  be  used  to  regulate 
the  reflector  temperature.  The  space  station  need  not  provide 
thermal  control  . 

E)  Attitude,  Stabilization-  A high  degree  of  positional  stability 
will  be  required  in  order  to  make  possible  accurate  wavefront 
contour  measurements,  CCD  star  tracker  testing,  laser  ranging 
technology  evaluation,  and  astronomical  observations. 

F)  Viewing-  see  comment  on  Orbital  Parameters 

G)  Environmental  Constalnts-  none 

H , I ) Data  Management,  Communications,  Crew  Timeline-  TBD 

J)  Operations  Schedule,  Maintenance,  Lifetime-  For  the  reasons 
detailed  in  section  IV,  a several  year  Mission  lifetime  Is 
rt  :1red. 


VI . Space  Station  vs.  Free  Flyer 

Due  to  the  large  physical  dimensions,  long  timescale,  and 
diverse  subsystem  experiments  requiring  manned  Interaction, 
characterl Stic  of  this  Mission,  It  can  be  argued  that  a space 
station  would  be  the  most  suitable  location  for  the  mission 
cperatl on . 


David  Ennis 

Ames  Research  Center 
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CRYOGENIC  LIFETIME  TECHNOLOGY 


I • Mission  Objectives 


To  provide  a technology  base  for  the  long-term  storage  of 
ogenlc  fluids  In  the  space  environment.  storage  of 

11 • Mission  Description 


cryoge 


and 


III.  Benefit 


systems ; cyrogenlc  temperature  proSIlla^S^rlge  fir 


propul slon 


• ; «•  re™.  a*; 

observation*;  „o  „„  sop, or,  ^^^K.UltTSS'SjnlSr. 


IV.  Justification 


Interaction  ef fect^lnvo1  v ed 6 il 1 r r te  SU<fa$?  Jens1on  and  thermal 

sassage- 

technologies.  Finally  Lnn«n  ?„!;  T, 1 n 0ll“dr°P  radiator 
strorage  facility  will's'll  ' teractlon  wtlh  the  cryogenic 

?:5ajnj::TS5:5:^:\s5%!:s55??o>7S-e"*«?(p”"^s5«?1.i,,;H. 


V*  ssl on  Requirements  and  Capabilities 
A)  Orbital  Parameters-  None 


*nd  Operational  Envelope-  TBO.  It  Is 
th#t  th*  stored  oryogen  and  Its  associated 
geratlon  apparatus  will  occupy  a large  volume  due  to  the 
reoulrement  of  a multiyear  lifetime.  volume  oue  to  the 

exDeHaentt°>nH  re2u1r*ment*  «re  specific  to  the  Individual 
experiments  and  subsystem  technologies. 

1nh™lnt,ioC?£r?1'  The^#1  control  will  be  a critical  feature 


the 


cryog 
'1  tail 


enlc 


nLc^1tUde*  Stabl  1 1 zatl on-  Sucessful  operation  of 

S«e lcratlSnri.v2T « “l11  r?ql\1re  Sitter-free,  gravitational 

1 I?!*1*'  values:  TBD-  High  positional 

sxaointy  is  also  needed  to  Insure  operability  of  laser 

dueeto*therma  %£e£hn1<,U?S  f°r  the  meas“re|"e''t  of  microcracking 
to  thermal  stresses  In  resin-based  structural  metrology. 

F)  Viewing  Requirements-  none 
6)  Environmental  Constraints-  TBD 

Interactinn^fAr^n^?^ • Communl cations . Crew  Timeline-  Manned 
(see  Se£t?onfTVl°^ ata/Communleatlons  management  Is  required 
i see  section  IV).  Detailed  crew  tlmel 1 ne-TFD . 

th.°hni!!tJ?iS  JCheJl!1e’  M*1  ntenance,  Lifetime-  Specification  of 
of  f 1 ve  yelrl  °r  cry°9en1c-storage  facility  Is  on  the  order 


VI • Space  Station  vs.  Free  Flyer 


Although  a trade-off  analysis  Is  required  In  order  to 
ctati^nln  the  stability  of  the  proposed  mission  as  a space 
vol  tin  p fnnnr!?ent;  U ?houl d be  P°1n*ed  out  that  the  large 
fSr  mlis  oS9o^lT!t?!!!;ail0n>*.and  stab1e  1 ow“ 9 environment  Required 
specTflcatlons  *re  cha rac ter1 st 1 c of  space  station 
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David  Ennis 

Ames  Research  Center 


MATERIALS  AND  COATING  TECHNOLOGY  % 

I . Mission  Objective 

To  provide  a technology  base  for  the  production  of 
structura1  and  Insulating  materials,  and  optical,  thermal,  and 
absorbing  surface  coatings  capable  of  sustained  performance  In 
the  space  environment. 

I 1 • Mission  Description 

Data  will  be  obtained  on  the  effect  of  given  characteristics 
of  the  space  environment  on  critical  physical  properties  of 
materials  and  coatings  anticipated  for  use  In  future  space 
projects.  Specific  areas  of  Investigation  Include  the 
®J.r}dation  of  the  reflectivity  of  ml rror/antenna  metallic 
coatings  as  well  as  the  decrease  In  the  absorbtlvlty  of 
low-scatter  optical  black  surfaces  when  exposed  to  solar  ‘ 
illumination  and  solar  wind/cosmic  ray  high  energy  particle 
“x?s*  Meteoroid  venting  of  the  Interstitial  spaces  of  thermal 
Insulating  materials;  decreases  In  the  Young’s  Modulus  of 
resin-matrix  structural  composite  materials  due  to  cosmic-ray 

drnnHrniUU^eneCtS;  d??  5art1c1e  contamination  of  the 
thermal -con trol  coatings  applied  to  heat  pipes  are  also 

technological  concerns.  The  developed  Mission  facility  will  also 

x.r.ssRiiJ,*' ,or  <■  

III.  Benefit 


Since  the  proposed  Investigation 
materials  and  coatings  used  In  varied 
missions,  the  resulting  data  will  be 
the  enabling  technology  associated  wl 


is  Involved  with  common 
components  of  future  space 
Instrumental  In  developing 
th  same  missions. 


IY.  Justification 


J 


. , Based  on  the  Mission  specifications.  It  Is  apparent  that  the 

fundamental  requirement  for  mission  operation  Is  long-term 

!narfUre  t0  thC  Part1k;le  and  radiation  fluxes  only  obtained  the 
space  vacuum  environment.  A hjltl-year  Mission  lifetime  will 
allow  the  establishment  of  time- 1 ntegra ted  cumulative  effects  on 
the  measured  physical  parameters,  sich  a procedure  represents  S 

testinS  °Ver  tl!e  t1me-*ccelerated  ground-based 

r nmnri  nnDfh  1?rg?  number  of  ter  1 a 1 /coa tl  ng  subsystems 

control  and  ^at^acqu  1st  Ion?  ’ man"ed  1nteract1on  1s  "<^ed  for 


v*  Mission  Requirements  and  Capabllltes 


A)  Orbital  Parameters-  Orbit  altitude 
be  chosen  to  allow  the  requslte  solar 


and  Inclination  angle  will 
111 umlnatlon  and 
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high-energy  particle  flow  rate. 

B)  Mass,  Volume,  Operational  Envelope-  Due  to  the  large 
dimensions  anticipated  for  the  surface  coatings  used  In  future 
space  project,  the  area  of  the  samples  Investigated  In  the 
proposed  Mission  must  be  on  the  order  of  many  square  meters. 

C)  Power-  The  power  requirements  will  depend  upon  the  exact 
characterl sties  of  the  subsystem  technology  and  measurement 
devices  employed. 

D)  Thermal  Control-  TBD 

E)  Attitude,  Stabilization-  Since  optical  spectrometers  of  high 
positional  sensitivity  will  be  utilized  In  the  reflectivity  and 
absorbtl v 1 ty  measurements,  a high  degree  of  stability  will  be 
required  of  the  space  station. 

F)  Viewing-  See  comment  on  Orbital  Parameters. 

G)  Environmental  Constraints-  none. 

M , I , J ) Data  Management,  Communications,  Crew  Timeline,  Operations 
Schedule,  Maintenance,  Lifetime-  TBD 

VI.  Space  Station  vs.  Free  Flyer 


Due  to  the  large  physical  dimensions,  long  timescale,  and 
diverse  subsystem  experiments  requiring  manned  Interaction, 
characterl s t I c of  this  Mission,  It  can  be  argued  that  a space 
station  would  be  the  most  suitable  location  for  the  mission 
operation. 


David  Ennis 

Ames  Research  Center 


SPACE  COMPONENT  LIFETIME  TECHNOLOGY 


I . Ml sslon  Objective  / 

To  provide  a technology  base  for  the  development  of  diverse 
hardware  components  for  which  a multi-year  operational  lifetime 
under  space  conditions  Is  specified. 

I I . Mission  Description 

The  propsed  mission  would  characterise  the  performance 
lifetime  of  critical  components  selected  form  varied  space 
technologies.  Components  requiring  evaluation  In  the  space 
environment  Include  primary  propulsion  systems;  solar  cell  and 
chemical  battery  power  units;  space  qualified  solid  film 
lubricants;  laser  and  conventional  spin  gyros;  and  microwave 
ampl 1 f 1 er  cathodes  . 

III.  Benefit 


The  proposed  technology  evaluation  of  spaceborne  power  units, 
propulsion  systems,  and  navigational  devices  will  have  direct 
applicability  to  NASA  deep  planetary  missions.  In  general,  the 
component  lifetime  demonstrations  achieved  through  the  proposed 
Mission  would  Increase  the  probability  for  sucess  of  advanced 
space  projects. 

IV.  Justl flcatlon 

It  Is  clear  from  the  definition  of  the  Mission  objectives 
that  the  requlste  component  technology  Investigation  can  only 
occur  on  a long  duration  space  laboratory.  For  proper  solar  cell 
technology  evaluation,  both  the  orbital  solar  Illumination  and 
high  energy  particle  flux  are  required.  In  addlton  to  conversion 
efficiency,  a major  technological  tradeoff  between  silicon  and 
gallium  arsnlde  solar  cells  Is  the  ability  to  withstand  radiation 
damage.  In  order  to  perform  the  In  situ  annealing  and  repair  of 
degraded  solar  cells,  a manned  presence  Is  required. 

V.  Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters-  The  Mission  orbit  should  Insure  the 
requisite  photon  and  high  energy  particle  flux. 

B)  Mass,  Volume,  and  Operational  Envelope-  TBD 

C)  Power-  Instrument  specflc. 

D)  Thermal  Control-  TBD 

E)  Attitude,  Stabilization-  Verification  and  measurement  of 
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Stability?  performance  requ1re,  high  space  station  angular 

F)  Viewing  - See  comment  A)  above. 

G)  Environmental  Constral  nts-  none. 

H,l)  Data  Management,  Communications,  Crew  Lifetime-  TBD 

hi  ?S?r!i12nS  ScheJu1*-  Maintenance,  Lifetime-  The  components  to 
h*Ve  nom1n41  *P*ce  lifetimes  between  five  and  ten 

/ “ fl  r 5 ■ 

Space  Station  vs.  Free  Flyer 


Although  a detailed  trade-off  analysis  Is  required  It  shoul 

cha?;  lllruul  specif  ^cations  irV  °Ul 

characteristic  of  anticipated  space  station  performance. 


William  Wales 

Marshall  Space  Flight  Center 


LARGE  SPACE  STRUCTURE  TECHNOLOGY 


I. 


MISSION  OBJECTIVES 


assemM^86 

llSS  a^orTter  HH€r^lP¥ 

experiments.  small,  short  duration,  segregated 


II. 


MISSION  DESCR I PT I ON 


for  ttahLS?™SiS^d“f.Sib,;r22i?e  the  ^^nology  required 
and  systems  while  attached  to  and  *f  larp  ,s^fucturaI  components 
station.  Rev  issue*  and  supported  from  a manned  space 

are:  support  equipment  interfaces'^'*18  techno^°gy  development 

functions;  developPCrew  skill  reou-f  re™»  • man’“achine . and  machine 
operational  inter  a re  u ™ ! TIt8,md  sPace  stat*°n 

a?so  be  considered  in  ^l^'Shis^tall^*™0610"1  WiU 

structures 'on -orbit^wil?U-renii<  t0  eon,t™St  a"d  assemble  large 
tests  utilizing  qmali  « ? lre  6roun<^  facilities  and  orbiter 

and  longer  durftion  te”rviUn?n  °?  sc\led  test8'  The  Wr 

In  the  large  space  st^ctures  technoTn  the  "anned  sPace  station, 
station  equipment  play  a vital  role.  °8y’  6 CrGW  *nd  space 

HI . BENEFIT 

on-orbit  to  provid^laree^and^  * f' abric*ted  and/or  assembled 

space  structures.  8 ighter,  and  possibly  cheaper, 

IV*  JUSTIFICATION 

opticaiadfvicesCarfreou^ed  fUCh  S?  c~ication  antenna  or 
data.  Themost  eflect?ve  mfans  °fblt  £? ,fmPr°ve  the  quality  of 
through  assembly  in  orbit  which of  providing  this  capability  is 
and  its  components  to  be  ? allows  the  structural  system 

technologies  can  be  deveWd  lar8er  and  lighter.  These 
space  environment  deVeloped  more  affectively  in  a zero-gravity 


V. 


MISSION  REQUIREMENTS  AI.O  CAPARTT.TTTfc 


UNDER  STUDY 


William  Wales 

Marshall  Space  Flight  Center 


SATELLITE  SERVICING  TECHNOLOGY 


I. 


mission  OBJECTIVES 


spacecraft /satellite  at' "an^rf itliqsured  toaerve  free-flying 
checkout ^of ‘defective ‘satellite  ^oSic's^t  but'repllr'' 

redeployment  may  be  a f£c?*on of ^systems.  Tne  retriev^S 
is  not  a part  of  this  technology  devL^t*^™-  how*ver.  U 

11 • MISSION  description 

faci?itn‘e^^P^°^s®^*i^i”8Ssatellites*ieC*  t0  develoP  that  tech- 
of  i1<ty  and/or  remotely  f?om  the  mannarf'V1’???  at  a mann«d 

across  section  of  those  satell?^  i ° s?lected  will  represent 
from  the  support  facility.  functions  and  services  required 

variedDslr^ices%eq^reddea°ifa  this  mJssi°n(s>  and  possibly  the 
required  and  d.vIJ2p.dover  a °J  ^ri^nts  ma£  be 

the  space  station.  a lon6  Period  of  time  utilizing 

HI.  BENEFIT 


to  remain  operational  f or thlSu tfchnol°gy  will  enable  satellite 
would  not  be  required  tn  hT?  *onger  P^iods  of  time  Sating 

■*;«  <■»  ««”2“npJ.Mut,.dniK!?,fb°r ' 

buflr3Sh  C°Uld  be  reduced.  YIn  ess^nce^A  Syst?Ts  redundancy 
built  cheaper  and  have  a loneer  l?f»  ^ thasatellite  could  be 
vicing  capability.  8 life  through  the  on-orbit  ser- 

Iv-  justification 

Experiments  relative 

satellites  require  these  act iviM  and  SGrvicing  of 

tional  environment.  Handling  pn,.'S  be  PGrformed  in  the  opera- 
systems  and  fluid  handling  svst2m  ren^  a?d  remote  servicing 
tively  in  the  zero-gravit^  environment Vs^ce^  m°re  eff*c* 


MISSION  REQUIREMENTS 


UNDER  STUDY 


VI.  SPACE  STATION  VS  FREE  FLYER 


c„r„,lhe  technology  development  mission  for  the  satellite 

station  farn<r°l08Ti.8h0Uld  be  conducted  utilising  the  space 

The?®  exPerimencs/test8  will  require  man-in 

economical!?  Ctly  or  remotely  and  cannot  be^utomated 


*■ 


William  Wales 

Marshall  Space  Flight  Center 


OTV  SERVICING  TECHNOLOGY 

ORIGINAL  PAGE  1ST 

I . MISSION  OBJECTIVES  °F  P00R  QUALITY 

To  provide  the  technology  required  to  maintain  an  Orbital 
Transfer  Vehicle  (OTV)  on-orbit  between  flights.  Early  impli- 
fied  experiments  in  the  OTV  technology  evolution  could  be  per- 
formed in  ground  facilities  or  from  the  Orbiter.  However,  the 
more  complex,  longer  duration  tests/experiments  will  require 
the  support  of  the  space  station. 

II.  MISSION  DESCRIPTION 

The  proposed  mission(s)  are  required  to  develop  the  tech- 
nology needed  for  servicing  the  Orbital  Transfer  Vehicle  system 
and  maintaining  it  from  an  orbit  base.  Those  issues  of  major 
concern  are:  the  refueling,  gauging  and  preservation  of  the 

OTV  propellants;  the  maintenance,  replacement  and  checkout  of 
avionics  components;  the  servicing  and  replacement  of  propul- 
sion system  components;  installation  of  any  aerodynamic  brak- 
ing or  aeromaneuvering  system;  and  the  integration  and  checkout 
of  the  OTV  with  another  stage,  single  or  multiple  type  payloads; 
and/or  a manned  crew  transfer  module. 


Due  to  the  magnitude  of  this  mission (s)  a large  number 
of  experiments  will  be  required  and  developed  over  a long  period 
of  time  utilizing  the  manned  space  station. 

III.  BENEFIT 


The  development  of  this  technology  will  enable  the  OTV  to 
remain  on-orbit  for  extended  periods  of  time,  thus  allowing  the 
full  shuttle  capability  to  be  devoted  to  other  payloads.  The 
technology  required  to  develop  the  space-based  OTV  will  have 
significant  impacts  on  other  programs  utilizing  the  space 
station's  servicing,  maintenance,  and  operational  facilities. 

IV.  JUSTIFICATION 


Experiments  relative  to  the  overall  management  of  propel- 
lants require  long  duration  tests  in  a zero-gravity  space 
environment.  Storage  tests  can  best  be  accomplished  in  a 
natural  space  environment.  OTV  and  payload  and  added  stage 
handling  will  utilize  space  station  handling  equipment.  These 
tests  are  essential  to  establish  the  commonality  of  equipment 
on  the  station  to  support  multiple  programs. 

V.  MISSION  REQUIREMENTS 
UNDER  STUDY 


7S 


The  technology  required  to  develop  the  OTV  servicing 
capability  requires  man -involvement  and  is  not  suited  for  the 
free-flyer  concept. 


- - 


--  - . 
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JSC/A.  Potter 
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TETHER  DYNAMICS  TECHNOLOGY 

I.  Mission  Objective 

To  provide  a technology  base  for  applications  of  long  tethers  attached 
to  orbiting  spacecraft. 

II.  Mission  description 

The  missions  proposed  will  provide  the  .technology  needed  for 
successful  deployment, operation,  and  retrieval  of  long  tethers  from 
orbiting  spacecraft,  and  the  use  of  electrodynamic  forces  on  conducting 
tethers  for  control  of  the  tether  and  generation  of  thrust  and  drag.  An 
experimental  tether  about  100  meters  long  will  be  deployed,  and  Its  dynamic 
response  to  mechan  cal  and  electrodynamic  forces  will  be  measured  and 
compared  with  theory. 

Ul.  Benefit 

The  ability  to  deploy,  control , and  retrieve  long  tethers  from  an 
orbiting  spacecraft  In  a safe  and  successful  manner  would  permit  several 
useful  applications. 

IV.  Ju stificrcinn 

Long  tether  systems  have  been  proposed  for  research  on  the  atmosphere 
a*a  lonospf.re,  VlF  antennas,  and  electrodynamic^thrust  and  drag  control. 
Basic  eng  reerlr.g  research  on  the  control  and  stab  11  ty  of  long  tethers  In 
orbit  Is  ne ‘ded  before  these  applications  can  be  realized. 

V.  Mission  Requirements  and  Capabilities 

A)  Orbital  Parameters  - none 

B)  Mass  and  volume  and  operational  envelope  - Volume  and  mass  are 
Initially  estimated  at  250kg  and  100  cu  ft.  Operational  envelope  outside 
the  spacecraft  Is  of  the  order  of  100  meters  long,  10  meters  diameter. 

C)  Power  - The  power  requirement  for  this  experiment  Is  of  the  order  of 
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KW  i to  operate  the  electrodynamic  aspects  of  the  experiment). 

0)  Thermal  control  - Controlled  to  earth-based  laboratory  values  for 
equipment  Inside  the  space  station. 

El  Attitude  Stabilisation  - Constant  attitude  during  Initial  experiment 
periods.  Controlled  attitude  changes  will  be  used  later  to  study  dynamics 
of  the  tether. 

F)  Viewing  - D« ployed  tether  must  be  visible  from  the  spacecraft  to 
monitor  Its  movement!.. 

G)  Environmental  Constraints  - No  significant  constraints. 

H . I >•  Oata  Management,  Communications,  Crew  Timeline  - Experiment  Is 
intended  to  te  man-ooerated  In  real  time  by  trained  payload  specialists  who 
will  collect  data  for  later  analysis. 

VI.  Space  Station  v».  free  Flyer 

Manned  operation  requires  space  station. 


JSC/R.  Hill 
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EARTH  OBSERVING  TECHNIQUE  DEVELOPMENT 


I.  MISSION  OBJECTIVES 


To  develop  optimum  earth 
ability  to  rapidly  communicate 
real-time  reaction. 


observing  technique  development  leading  to  the 
pertinent  information  to  ground  users  for  n«.ar 


II.  MISSION  DESCRIPTION 

",rr  "» :% :ir;, 

cvslud ted  as  applied  to  o wide  vsrief v l 

r.sun,  0f  thciis  ^0iu:t^^^:jrurdo[„“^.^r^lnL„p"b!ZivJLct 

includc'develoom* " ^ ^ “T*  obs*rvatlons  ,n  •"  operational  mode.  This  would 

III.  BENEFIT 

th.t  wm'leldVtoV.»rrt«i!d  eco:,°"fes  ln  d"t*  collection  and  reduction 

transient  fP  dcvelo'm*'"L  of  " capability  to  remotely  aense 

In“^MonPhinr;ur^c^%«C“Ir,M^rru^  'vHTH  Ti1"*"* 

“iJllnsntodu«Iy,‘  ?hS*fUM;BtI*(i""rinr  tr;’n,,P°rt*t‘on  industry. “IhToffihoIe 
eolsodlc  L , " flsynB  industry,  and  oceanographer..  User,  of  data  on 

•nd  ll  sZlrJ  SSSKiS:-*1-  «»••««  relief  organ, ration. 


IV.  JUSTIFICATION 

loZZl  pr°obl^.m',nned  P*rt,e‘^“  In^lie'further^pplleatlon  JnL£."en*Ung 
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V.  MISSION  REQUIREMENTS  AND  CAPABILITIES 

A.  Orbital  Parameters  - A near  polar  orbit  Inclination  Is  desirable 
for  many  operational  remote  sensing  tasks;  however,  sensor  and  technique 
development  can  be  readily  accomplished  from  Inclinations  as  low  as  L'8.5 
degrees.  Orbital  altitudes  of  150  - 500  milos  are  acceptable. 

8.  Hass,  Volume,  — Mass  and  volume  for  a manned  earth  observatory  are 
yet  to  ue  determined,  but  an  estimate  of  volume  would  be  one  or  two  times 
the  Spacclab  volume  on  Space  Shuttle. 


C.  Power  - The  power  requirements  will  depend  on  the  Instrument 
complement,  but  can  be  assumed  to  Include  high  po wer  consumption  Instru- 
ments such  as  synthetic  aperture  radar. 


D.  Then.al  Control  - Thermal  control  will  be  required  to  maintain 
a shirtsleeve  laboratory  environment.  Heat  dissipation  consistent  with 
power  requirements  plus  thermal  cooling  for  detector  arrays  will  be  required. 

E.  Attitude,  Stabilization  - The  Manned  Earth  Observatory  will  require 
an  earth  lookino  attitude  such  as  could  be  obtained  by  >;r.v/ity  gradient 
stabilization  of  the  space  station.  Since  printable  sensors  are  envisaned, 
some  la  roe  amount  of  wobble  about,  the  local  vortical  (suc.i  as  10  degrees) 
car.  be  tolerated.  Stability  should  be  commensurate  with  r‘.e  capability  ot 
an  image  motion  compensation  system. 

F.  Viewing  - An  earth  viewing  capability,  aided  by  a cimballed,  zoom 
optical  system.  Is  required. 


G.  Environmental  Constraints  - A "clean"  outside-  environment  must  be 
maintained  to  insure  acceptable  earth  viewing  conditions.  Conditions 
commensurate  with  those  required  around  the  Shuttle  during  Large  Format 
Camera  operation  should  suffice. 


H.  1.  Data  Management,  Communications,  Crew  Timeline  - The  Manned 
Earth* Observatory  will  require  the  full  time  of  at  least  one  °bs^v™2rtr*l 
specialist.'  Data  management  can  be 'aided  by  observer  selection  of  *Pec^ 
bands  to  be  recorded,  by  onboard  data  screening  and  selective 
to  ground.  Data  rates  to  ground  can*be  rather  high,  as  °.s^nner 1 
such  as  the  Thematic  Mapper  on  Londsat  4 generates  data  at  the  rate  of  80 

mega  bits/second. 


J.  Operations  Schedule,  Maintenance,  Lifetime  - TB.D 


to 
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VI.  SPACE  STATION  VS.  FREE  FLYER 

The  Manned  Ecrth  Observatory  would  be  Initially  considered  as  a research 
and  development  laboratory,  and  would  be  designed  to  take  maxing  advantage 
of  man’s  capability  for  enhancing  sensor  and  scientific  research  and  obser- 
vation technique  development.  The  results  of  this  RSD  effort  will  presum- 
ably lead  to  operational  sensors  on  free-flyers  and  man  tended  platforms. 

In  addition,  man';,  role  In  operational  remote  sensing  of  the  earth  will  be 
emplracally  determined. 
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EARTH  OBSERVATION  SENSOR  DEFINITION 


I.  MISSION  OBJECTIVES 
1 1 . MISSION  DESCR [PTION 

!^^^^5=3S~s 

S-HSSi.  ■ 


hi.  EocrriT 

Mt  .Jrld  TirfVldC.,ln  easily  acces*ible  test  bed  where  man  could  readily 
t'.  t\  in(.eCt°  nTra<**  filters.  *nd  instrument  adhere  man  could  fine 

",  * ■ * s as  pointing  and  Image  motion  compensation  to  ensure  thut 

..-.mum  ,1*. fa  was  recorded  over  the  specific  test  kite  of  Inter*™ 

rv.  justification 


,ided  o'  y 3 C*St  bed  f0r  Prototype  Instrumentation  and  man- 

u H T ° ''m  :r3f ln(?  capabilities  will  help  ensure  that  operational 
. f ‘ t'ltain  optimum  Instrumentation  and  are  launched  in  orbits  most 

suitable  u»  the  op-rational  remote  sensing  task  to  be  accomplished. 
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V.  MISSION  REQUIREMENTS  AND  CAPABILITIES 

A.  Orbital  Parameters  - A near  polar  orbit  inclination  is  desirable 
for  many  operational  remote  sensing  tasks;  however,  sensor  and  technique 
development  can  be  readily  accomplished  from  inclinations  as  low  as  28.5 
degrees.  Orbital  altitudes  of  150  - 500  miles  are  acceptable. 

?*  Vo1ume*  *•  Mass  and  volume  for  a manned  earth  observatory  are 

yet  to  be  determined,  but  an  estimate  of  volume  would  be  one  or  two  times 
the  Spacelab  voljme  on  Space  Shuttle. 

C.  Power  - The  power  requirements  will  depend  on  the  instrument 
complement,  but  ran  be  assumed  to  include  high  power  consumption  instru- 
ments such  as  synthetic  aperture  radar. 

D.  Thermal  control  - Thermal  control  will  be  required  to  maintain 
a shirtsleeve  laboratory  environment.  Heat  dissipation  consistent  with 
power  requirements  plus  thermal  cooling  for  detector  arrays  will  be  required. 

E.  Attitude,  Stabilization  - The  Manned  Earth  Observatory  will  require 
an  earth  looting  attitude  such  as  could  be  obtained  by  gravity  gradient 
stabilization  of  the  space  station.  Since  pointable  sensors  are  envisaged, 
some  large  amount  of  wobble  about  the  local  vertical  (such  as  10  degrees) 
can  be  tolerated.  Stability  should  be  commensurate  with  the  capability  of 
an  image  motion  compensation  system. 

F.  Viewing  • An  earth  viewing  capability,  aided  by  a gimballed,  zoom 
optical  system,  is  required. 

G.  Environmental  Constraints  - A "clean”  outside  environment  must  be 
maintained  to  injure  acceptable  earth  viewing  conditions.  Conditions 
commensurate  with  those  required  around  the  Shuttle  during  Large  Format 
Camera  operation  should  suffice. 

H.  I.  Data  Management,  Communications,  Crew  Timeline  - The  Manned 
Earth  Observatory  will  require  the  full  time  of  at  least  one  observing 
specialist.  Dat.i  management  can  be  aided  by  observer  selection  of  spectral 
bands  to  be  recorded,  by  onboard  data^screening  ahd  selective  transmission 
to  ground.  Data  rates  to  ground  can  be  rather  high,  as  a scanner  instrument 
such  as  the  Them<itic  Mapper  on  Landsat'4  generates  data  at  the  rate  of^80 
mega  bits/second. 

J.  Operations  Schedule,  Maintenance,  Lifetime  - TBD 


VI.  SPACE  STATION  VS.  FREE  FLYER 


The  Manned  farth  Observatory  would  be  Initially  considered  as  a research 
and  development  laboratory,  and  would  be  designed  to  take  maximum  advantaqe 
°f  mar  s capability  for  enhancing  sensor  and  scientific  research  and  obser- 
vatlon  technique  development.  ~hc  results  of  this  R&D  effort  will  presum- 
, j'.Ieac  t0  operational  sensor*  cn  free-flyers  and  man  tended  platforms, 
in  addition,  man  s role  In  oper  tlonal  remote  sensing  of  the  earth  will  be 
emplracally  determined. 
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EARTH  FEATURE  IDENTIFICATION  - ANALYSIS  TECHNIQUES 
AND  AUTOMATED  SYSTEMS  DEFINITION 


X.  MISSION  OBJECTIVES 

To  use  a manned  earth  observatory  to  locate  and  study  transient 
phenomena  and  to  support  remote  sensing  research  with  tlib  goal  of  defining 
•®*Xy*i*  techniques  and  systems  for  use  in  remote  sensing  applications. 

II.  MISSION  DESCRIPTION 

Basic  research  and  scientific  studies  - Man  could  play  an  important 
role  in  orienting  instruments  to  ooserve  and  record  phenomena  that  are  tran- 
titory  in  either  time  or  location.  By  using  real-time  displays  he  could  play 
an  important  role  in  selecting  th»*  b^st  instrumentation  to  record  what  he  was 
observing.  Man  could  selectively  transmit  appropriate  data  to  the  ground  for 
consultation  with  ground  based  experts.  An  onboard  observer  could  olso  play 
an  important  role  in  fine  tuning  the  pointing  angles  and  image  motion  compen- 
sation to  acquire  data  from  ground  sites  of  known  location.  This  would  be 
particularly  important  where  Just:  im  nis  with  narrow  fields  of  view  or  high 
spatial  resolution  were  involved. 


111.  BENEFIT 

The  manned  observer  can  detect  phenomena  of  Interest,  select  appropriate 
spectral  bands,  and  screen  data  bifore  transmission  to  the  ground,  thus  effecting 
tremendous  economics  in  data  collection  and  transmission.  Man  can  also  fine- 
tune  instrument  pointing  and  tracL.n*,  resulting  in  improved  data  quality. 

IV.  JUSTIFICATION 

Given  the  tremendous  data  rates  associated  with  many  earth  observing 
instruments,  such  as  mul  tisper.tral  imagers  and  synthetic  aperture  radars, 
controlled  data  acquisition,  preprocessing,  and  transmission  become  valuable 
toe ] s in  compressing  the  time  needed  to  perform  research  tasks.  This  should 
lead  to  eerier  understanding  of  the  nature  of  transient  phenomena  and  how  to 
be<t  observe  them  on  s continuing  ba-.is'with  operational  remote  sensing  spacecraft. 


rs 
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V.  MISSION  REQUIREMENTS  AND  CAPABILITIES 

A.  Orbital  Parameters  - A near  polar  orbit  Inclination  Is  desirable 
for  many  operational  remote  sensing  tasks;  however,  sensor  and  technique 
development  can  be  readily  accomplished  from  Inclinations  as  low  as  28.5 
degrees.  Orbital  altitudes  of  150  - 500  miles  are  acceptable. 

B.  Mass,  Vo 'time,  — Mass  and  volume  for  a manned  earth  observatory  are 
yet  to  be  determined,  hut  an  estimate  of  volume  would  be  one  or  tv»o  times 
the  Spacelab  volume  on  Space  Shuttle. 

C.  Power  - “he  power  requirements  will  depend  on  the  Instrument 
complement,  but  can  be  assumed  to  Include  high  power  consumption  Instru- 
ments such  as  synthetic  aperture  radar. 

0.  Thermal  Control  - Thermal  control  will  be  required  to  maintain 
a shirtsleeve  laboratory  environment.  Heat  dissipation  consistent  with 
power  requirements  plus  thermal  cooling  for  detector  arrays  will  be  required. 

C.  Attitude.  Stabilization  - The  Manned  Earth  Observatory  will  require 
an  earth  looking  attitude  such  as  could  be  obtained  by  gravity  gradient 
stabilization  of  the  space  station.  Since*  polntable  sensors  are  envisaoed, 
some  large  'mount,  of  wobble  about  the  local  vertical  (such  rj  10  degree: ) 
can  be  tolerated.  Stability  should  be  cormons urate  with  the  capability  of 
an  image  motion  compensation  system. 

F.  Viewing  - An  earth  viewing  capability,  aided  by  a gin, balled,  zoom 
optical  system.  Is  required. 

6.  Environmental  Constraints  - A "clean"  outside  environment  must  be 
maintained  to  in« ure  acceptable  earth  viewing  conditions.  Conditions 
commensurate  with  those  required  around  the  Shuttle  during  Large  Format 
Camera  operation  should  suffice. 

H.  I.  Data  Management,  Communications,  Crew  Timeline  - The  Manned 
Earth  Observatory  will  require  the  full  time  of  at  least  one  observing 
specialist.  Date  management  can  be  aided  by  observer  selection  of  spectral 
bands  to  be  recorded,  by  onboard  data  screening  end  selective  transmission 
to  ground.  Data  rates  to- ground  can  be  rather  high,  os  a scanner  Instrument 
such  as  the  Theme  tic  Mapper  ori  Landsat  4 generates  data  at  the  rate  of~80 
mega  bits/second. 

J.  Operatiors  Schedule,  Maintenance,  Lifetime  - TBD 
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MATERIALS  PROCESSING  TECHNOLOGY  - PROCESS  AND  TECHNIQUE  ANALYSIS 

- SYSTEM  AND  PROCEDURE  DEVELOPMENT 


I.  MISSION  OBJECTIVES 
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To  provide  a scientific  and  technological  base  for  optimising  the  man 
machine  mix  tor  expeditiously  transforming  materials  processing  phenomena  in 
low  g environment  into  commercially  viable  product  lines. 


II.  MISSION  DESCRIPTION 


The  missions  proposed  will  provide  the  laboratory  environment  for 
developing  the  optimal  utilisation  of  research  and  development  capabilities 
of  materials  sclent :.st. s/developers  in  space  processing.  Key  issues  regarding 
man  s roles  in  research  and  development  in  the  space  environment  will  be 
resolved.  For  example,  much  of  the  current  materials  processing  in  space  (MPS) 
has  designed  the  ro  .c  of  man  out  of  the  experimental  process,  leading  to  single 
shot  experiments,  earth  recovery  and  analysis  of  each  sample  prepared  and  re- 
launch for  experiment  repeat.  This  scenario  leads  to  long  development 

i.e.,  orders  of  magnif  ie  longer  than  similar  material  process  development  on 
earth. 

Specific  laboratory  equipment,  facilities,  manning  skill  mix,  and  testing 
instrumentation  must:  be  Identified  so  that  commercialization  of  material? 
available  only  from  zero  g can  progress  at  economically  favorable  rates.  The 
hypothesis  of  this  work  is  that  optimal  space  research  development  and  com- 
mercial process  development  will  contain  many  of  the  man  directly  in  the  loop 
functions  that  art!  commonplace  in  earthbound  laboratories. 

because  rf  the  many  (uncountable)  degrees  of  freedom  possible  in  incorporating, 
chr  human  in  the  loop  research  and  development  potential  (heavily  exploited  in 
earth  labs)  this  mission  would  greatly  benefit  from  space  laboratory  protocol 
and  procedures  development  within  an  MPS  laboratory  connected  to  the  space 
station  incorporating  necessary  acceleration  isolation. 


III.  BENEFIT  ' „ 

Use  of  and  development  of  MPS  discipline  scientists  and  engineers  in  the 
commercialization  o.:  metallurgical s,  biologicals,  glasses,  crystals,  etc.,  can 
be  expected  to  provide  commercialization  of  manufacture  of  unique  high  value 
materials  not  poslhLe  on  earth  with  an  economically  attractive  return  on 
investment . 


IV.  JUSTIFICATION 

It  is  essential  for  commercialization  of  KPS  that  the  RAD  technologies 
have  continuous  man  in  the  loop  involvement  with  a prospective  material  to 
enable  much  more  ra->id  repeat  of  factorial  experiments.  Figure  1 indicates  a 
Mode  I and  Mode  II  Lab  process  flow.  Figure  2 indicates  the  acceleration  of 
the  development  of  .-ommcrcial  processes  that  could  be  available  with  man  in  the 
loop  In  Mode  II.  If  a product  Is  to  be  a success  commercially,  it  must  .become 
available  to  the  market  when  the  market  exists,  not  a generation  later. 

87 


V.  MISSION  REQUIREMENTS  AND  CAPABILITIES 

A.  Orbital  Parameters  - None 


ORIGINAL  PAGE  IT 
OF  POOR  QUALITY 


B.  Mass,  volume,  operational  envelope  - Mass  requirements  are  uncertain 
but  an  estimated  volume  coiwnensurate  with  small  compact  efficient  materials 
processing  laboratories  on  earth  may  be  required  for  a development  laboratory. 

A key  element  to  any  manned  operating  laboratory  is  space. 

C.  Power  - The  power  requirements  are  experiment  peculiar.  However,  it 
ran  be  anticipated  that  both  AC  and  DC  power  as  normally  available  in  earth- 
bound  laboratories  will  be  required. 

D.  Thermal  Control  - Thermal  control  for  the  individual  experiments  will 
be  experiment  peculiar  and  should  not  be  a requirement  of  the  Space  Station. 
Thermal  control  of  the  laboratory,  however,  should  be  available  and  operational 
to  earth  based  laboratory  values.  This  issue  may  be  related  to  environmental 
control. 

E.  Attitude,  Stabilization  - The  Laboratory  Concept  must  operate  in  a 
gravitational  environment  which  must  be  capable  of  providing  controlled  low 
acceleration  levels.  An  ancillary  propulsion  system  will  be  required  to 
provide  this  control  and  is  considered  a separate  technology  mission. 

F.  Viewing  - No  requirements  except  for  scientist  psychological  health. 


C.  Environraer tal  Constraints  - All  combustion  related  technology 
experiments  will  prcbably  require  venting  to  release  products  of  combustion. 

H I.  Data  Manafcment,  Communications,  Crew  Timeline  - The  MPS  Technoloq> 
Development  Laboratcrv  will  need  to  be  manned  to  perform  technology  experiments 
in  real-time.  Paylcad  Specialists/Disciplinary  scientists  will  need  to  be  trained 
to  operate  and  upkeep  data  management  system,  conduct  tests,  analyze  data,  and 
transmit  data  back  to  earth  for  subsequent  analysis.  Crew  timelines  she  -un- 
scheduled to  eliminate  undesirable  g-jitter  disturbances  to  experiments, 

J.  Operation?  Schedule,  Maintenance,  Lifetime  - TBD 


VI.  SPACE  STATION  VS.  FREE  FLYER 

The  tcchnolog)  experiments  Identified  have  both  safety  and  acceleration 
control  requirements  that  may  require  trade  studies  between  Sp.ceSt.tonondn 
tethered  clement.  In  either  esse,  this  laboratory  should  be  capable  of  providing 
controlled  low  levels  of  Reduced  Gravity.  The  laboratory  concept  is 
to  provide  adequate  space,  power,  thermal  control,  and  basic  experiments1  serv  c 
auch  as  supply  air,  etc.  Experiment  peculiar  instrumentation  would  be  a part  of 
this  laboratory  as  would  generalized  test  equipment;  i.e.,  optlcal/elcctron  micro 
•copes  machine  tooling,  sample  preparation  equipment,  etc. 


VI.  SPACE  STATION  VS.  FREE  FLYER 


The  Manned  Earth  Observatory  would  be  Initially  considered  as  a research 
and  development  laboratory,  and  would  be  designed  to  take  maximum  advantage 
of  man's  capability  for  enhancing  sensor  and  scientific  research  and  obser- 
vation technique  development.  The  results  of  this  RAD  effort  will  presum- 
ably lead  to  operational  sensors  on  free-flyers  and  man  tended  platforms. 

In  addition,  man's  role  in  operational  remote  sensing  of  the  earth  will  be 
empiracally  determined. 
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ELECTROPHORESIS  SEPARATION  OF  MEDICAL  MATERIALS  TECHNOLOGY 


X.  Mission  Objectives 

To  provide  technology  development  and  demonstration  of  Improved  methods 
of  separating  and  purifying  biological,  medical  and  other  types  of 
materials  under  conditions  of  very  low  (milli-g)  gravity. 

II.  Mission  Description 

This  mission  will  provide  Improvement  and  demonstration  of  the  apparatus 
and  techniques  for  separation  and  purification  of  mixed  materials  of  very 
similar  nature  by  the  process  of  electrophoresis.  This  process  basically 
consists  of  injecting  the  mixture  to  be  separated  through  one  tube  Into  a 
confining  "cell",  then  continuously  flowing  it  for  a long  distance 
between  and  parallel  with  long,  separated  electrodes  that  have  a large 
voltage  difference,  each  different  type  of  particle  in  the  mixture 
carries  a different  charge,  characteristic  of  its  type,  this  difference 
in  charge  causes  each  type  of  particle  to  move  at  its  own  specific  rate 
toward  one  of  the  electrodes,  the  continuous  flow  thus  soon  produces 
separate  streams  of  single-type  particles,  the  result  is  that  a mixture 
injected  at  one  end  of  the  electrodes  has  separated  into  distinct  streams 
of  each  individual  type  of  material  by  the  time  it  reaches  the  other  end 
of  the  electrodes,  these  discrete  streams  can  be  separately  removed  by 
individual  outlet  pipes,  without  gravity  there  is  no  sedimentation,  nor 
thermal  turbulence,  this  allows  much  greater  material  concentration  and 
higher  electrode  currents. 

Further  experiments  on  separation  methods  can  be  done:  with  electrode 
shapes,  separations  and  voltages;  with  cell  sizes  and  shapes;  with 
injection  and  removal  techniques;  and  with  many  other  subtle  factors, 
this  mission  can  greatly  benefit  from  these  experiments  being  done  in  a 
manned  space  station  laboratory,  where  immediate  observation  of  the 
results  of  careful,  controlled  changes  of  conditions  is  possible. 

III.  Benefit 

. , / 

Further  careful  technology  experiments  in  the  Space  Station  on 
electrophoresis  separation  methods  can  improve  greatly  the  rate  of 
production  and  the  purity  of  separation.  Many  medicines  and  biological 
materials  require  careful  separation  to  extreme  purities  to  be  safe  or 
effective.  On  Earth,  such  separation  can  often  be  done  only  by  use  of 
electrophoresis,  but  even  then  only  slowly,  or  not  at  all.  In  space, 
electrophoresis  separation  can  do  things  that  are  impossible  on  Earth. 

It  can  produce  extremely  valuable  pure  materials  that  can  be  gotten  in  no 
other  way.  These  materials  are  directly  applicable  for  medical 
experimentation  and  for  making  medicines  needed  by  millions  of  people. 

IV.  Justification 


It  has  been  already  been  demonstrated  that  electrophoresis  separation 
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techniques  used  in  orbit  can  separate  and  purify  mixed  materials  with  far 
greater  speed,  and  to  much  higher  purities  than  can  be  achieved  on  earth. 
Furthur  experimentation  aboard  the  Space  Station  in  raiili-g  conditions, 
under  direct,  manned  control  will  allow  much  further  improvement. 

V.  Mission  Requirements  A Capabilities 

A)  Orbital  Parameters  - none 

B)  Mass,  Volume,  Operational  Envelope  - TBD.  But  an  estimated  volume  of 
100  cu  ft  and  1,000  lb  should  be  adequate. 

C)  Power  - A maximisn  of  1,000  watts  is  needed  for  several  hours  each  day. 

D)  Thermal  Control  - Medical  materials  generally  need  to  be  kept  cool  as 
possible;  Just  above  freezing.  All  the  electrical  power  absorbed  in  the 
electrophoresis  separation  cells  must  be  removed  as  heat.  The  laboratory 
space  itself  should  be  kept  near  Earth-based  levels. 

E)  Attitude,  Stabilization  - Attitude  is  not  important.  However,  good 
stabilization  of  the  laboratory  is  needed  to  maintain  the  necessary 
milli-g  conditions. 

F)  Viewing  - No  requirements. 


G)  Environmental  Constraints  - Electrophoresis  separation  systems  will 
probably  require  peri^uic  venting  to  space  vacuum  of  several  pounds  of 
water  or  other  carrier  fluid. 

HAI)  Data  Management,  Communications  A Crew  Timeline  - The  Space 
Station  Technology  Development  Laboratory  Will  need  to  be  manned,  to 
perform  experiments  in  real  time.  Payload  Specialists  will  need  to  be 
trained  to  conduct  experiments,  operate  data  management  systems  and 
transmit  data  back  to  Earth  for  subsequent  analysis.  Crew  timelines  must 
be  scheduled  to  eliminate  intolerable  levels  of  g-Jitter  disturbances  to 
experiments. 

J)  Operations  Schedule,  Maintenance,  Lifetime  TBD. 

• * 

VI.  Space  Station  VS.  Free  Flyer 

9 

These  electrophoresis  separation  technology  experiments  are  ones  that  can 
only  be  carried  out  with  effective  speed  and  cost  in  a manned  space 
station  laboratory.  The  envisioned  concept  of  this  lab  is  that  it  would 
provide  the  necessary  services  that  an  Earth  lab  would,  except  with 
milli-g  conditions. 


c 
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LOW  COST  NODULAR  SOUR  PANEL  TECHNOLOGY 


!•  Mission  Objectives 


To  provide  the  technology  development  and  demonstration 
solar  panels  that  embody  features  that  allow  them  to  be 
nearly  as  long-lasting  and  efficient  as  current  panels, 
would  incorporate  modular  design  features  to  allow  easy 
malfunctioning  sections. 


of  spacecraft 
low  cost,  but 
The  solar  panels 
replacement  of 


IX.  Mission  Description 


This  mission  would  provide  testing  and  demonstration  of  the  technology 
for  design  and  manufacture  of  low  cost  solar  panels.  Their  costs  would 
e greatly  reduced  by  the  use  of  design  features  suitable  for  space,  but 
ith  af.  cation  of  convnercial  standards  used  for  the  production  of 
* * rath-based  solar  panels.  The  Space  Station  makes  possible  the 

continuous,  long-term  test  in  parallel  of  several  candidate  aolar  panel 
and  power  system  designs,  in  real  conditions.  It  makes  available  the 
space  vacuin,  the  orbital  radiation  environment  and  the  thermal  cycling 
of  continuous,  frequent  orbital  eclipses.  The  thermal  cycling  that  solar 
; d e^s  must  endure  is  one  of  the  most  important  and  least  understood 
causes  of  solar  panel  failure.  This  mission  would  allow  us  to  understand 
the  causes  of  these  failures. 


III.  Benefit 


Since  the  cost  of  solar  arrays  is  a major  f.ctor  In  the  overall  cost  of 
space  systems,  the  major  benefit  would  come  from  lowered  solar  panel 

Bas*d  on  the  est*m»tes  of  a solar  panel  manufacturer , the  costs 
might  be  reduced  by  a factor  oT  approximately  three.  The  modular  design 
would  allow  flexibility  of  configuration  and  easy  replacement. 

IV.  Justification 


While  manufacturing  to  commercial  standards  Implies  lower  proven  life 
expectation  for  individual  panels,. their .ysabiiity  would  not  be  seriously 
impaired  if  they  are  designed  in  modular  Sections  that  are  intended  to 
allow  individual  service  and  replacement  by  astronauts.  The  capability 
to  replace  a panel  if  it  fails  after  several  years,  instead  of  having  to 
raaKe  certain  that  it  will  last  ten  years  or  longer,  is  the  major  force  to 
reduce  the  overall  cost  of  solar  panel  systems.  Commercial  acceptance 
standards  may  imply  lower  efficiency  solar  cells,  but  any  reduction  of 
efficiency  should  be  acceptable,  even  if  a somewhat  larger  area  is 
required,  because  of  the  greatly  reduced  procurement  cost.  The  Space 
Station  system  allows  continuous  observation  and  test  of  candidate  panels 
and  their  immediate,  easy  replacement  by  the  astronauts  if  they  go  bad. 

V.  Mission  Requirements  A Capabilities 


A)  Orbital  Parameters  - None. 
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B)  Maas,  Volume,  Operational  Envelope  - TBD,  but  ten  pounds  and  a few 
square  feet  per  test  panel  system,  including  its  controls,  is  reasonable. 

C)  Power  - These  panels  should  produce  most  of  their  own  power. 

D)  Thermal  Control  - Included  as  part  of  the  test  panel  system. 

E)  Attitude,  Stabilization  - Solar  panels  should  generally  point  within 
30  degrees  of  the  sun  line;  closer  for  testing  of  maximum  output. 

F)  Viewing  - Must  view  the  Sun. 

G)  Environmental  Constraints  - TBD. 

H)  Data  Management,  Communications  - Since  this  is  long  term  testing,  a 
very  small  data  rate  is  expected. 

I)  Crew  Timeline  - TBD,  but  very  little  time  should  be  needed. 

J)  Operations  Schedule,  Maintenance,  Lifetime  - TBD. 

VI.  Space  Station  VS.  Free  Flyer 

Low  cost  types  of  solar  panels  will  ultimately  be  used  on  free  flyers, 
but  they  would  first  be  required  to  meet  established  requirements  during 
Space  Station  tests  before  they  are  installed  on  any  free  flyer,  so  its 
reliability  would  not  be  compromised. 
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GEODESIC  SPHERICAL  STRUCTURES  TECHNOLOGY 


I.  Mission  Objectives 

To  develop  the  technology  for  new,  self-supporting,  stable  and  highly 
rigi^. structures  for  spacecraft  and  space  systems  based  on  geodesic 
design  principles. 

II.  Mission  Description 

This  mission  can  provide  the  technology  base  required  to  build  and 
utilize  geodesic  structures  with  high  rigidity,  expandibility  and 
reusability  in  space  environments.  An  example  of  geodesic  structure 
is  a 22  ft  diameter  "sphere"  constructed  from  20  equilateral  triangle 
components,  all  of  which  have  the  same  size  and  shape  with  a side 
length  of  12  ft.  The  triangular  components  could  easily  fit  into  the 
space  shuttle  bay  with  all  desired  instruments  and  equipment  attached 
inside  their  periphery.  The  components  can  then  be  assembled  on-orbit 
as  desired.  When  necessary,  the  triangles  can  be  removed  to  repair  or 
replace  their  instruments.  The  structure  can  also  be  disassembled  for 
use  in  the  construction  of  larger  geodesic  spheres,  if  needed.  Such 
technologies  are  a natural  extension  of  modularization  and  standard 
interface  systems.  The  ability  of  these  structures  to  perform  as 
stable,  rigid  platforms  for  high  resolution  instruments  requiring 
great  stability  in  the  space  environment  should  exceed  that  of 
structures  now  available. 

III.  Benefit 


Technology  experiments  on  geodesic  structures  can  result  in  a whole 
new  generation  of  structural  systems  that  meet  all  the  basic 
requirements  of  space  structures,  including  increased  rigidity,  yet 
also  provide  far  greater  design  scope  to  the  mission  planner. 

Geodesic  structures  are  comprised  of  only  a few  basic  structural 
elements  that  are  duplicated  as  required  to  produce  a structure  of 
desired  size.  The  structural  elements  can  be  further  sub-divided  to 
provide  stable  instrumentation  mounting  points  and  better  servicing 
characteristics.  Overall,  geodesic  structures  can  have  minimum  mass 
to  volume  ratio,  good  thermal  ,controli  minimum  launch  volume,  extreme 
ease  of  assembly  from  a few  standard  parts,  high  reusability, 
expandability  and  maximum  mission  versatility. 

IV.  Justification 


Many  space  systems  require  structures  that  are  a tradeoff  between 
minimum  launch  weight  and  volume  and  maximum  on  orbit  rigidity. 
Geodesic  structures  of  both  the  bolted  member  and  the  tension  type 
can  maximize  ell  three  together.  A space  station  provides  an  ideal 
environment  for  assembly,  testing  and  modification  of  these  advanced 
structural  systems.  These  structures  technologies  can  open  up  many 
opportunities,  by  making  currently  defined  types  of  missions  more 
economical  and  making  new  missions  achievable,  that  are  not  now 
possible. 
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V*  Miaaion  Requirements 

A)  Orbital  Parameters  - None 
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C) 


Power  - The  power  available 
system  can  meet  any  power 
assembly  and  testing. 
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D)  Thermal  Control  - Experiment  pecull 
by  each  system  tested. 
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ZERO-GRAVITY  BROMINE  PHASE  SEPARATION  EXPERIMENT 

I.  Mission  Objective  . 

To  study  and  demonstrate  the  homogenization  and  phase  separation  of 
polybromide  complex' and  hydrogen  gas  from  an  aqjeous  bromide  solution  1r.  a 
weightless  environment.  The  information  will  be  useful  for  designing  zinc 
bromine  flow  batteries  and  hydrogen  bromine  fuel  cells  for  space  applications. 

II.  Mission  Description 

Hydrobromc  acid,  polybromide  complex,  and  hydrogen  gss  are  mixed  Into  a 
single  homogenous  stream  and  circulated  through  test  cells  to  simulate  flow-by 
ano  flow-through  electrodes.  Various  mixing  conditions  will  also  be 
simulated.  The  two  liquid  phases  and  the  gas  phase  are  then  separated  Into 
three  distinct  phases  by  a centrifuge.  The  liquids  are  recycled  to  be  mixed 
again.  The  size  and  quantity  of  gas  and  polybromide  particles  In  the 
electrolyte  are  to  be  monitored  at  the  Inlets  and  outlets  of  the  mixers  and 
the  centrifuge. 

III.  Benefit 

Zi nc-bromine  flow  batteries  and  hycrogen-bromine  fuel  cells  are  possible 
candidates  for  eneryy  storage  In  space  applications.  The  bromine  produced  by 
the  charge  reaction  reacts  with  an  organic  complexing  agent  and  forms 
polybromide,  which  Is  more  dense  ana  viscous  than  the  electrolyte.  In 
terrestrial  systems  this  heavier  phaie  sinks  to  the  sump  ol  the  electrolyte 
reservoir.  This  separation  increases  the  charge  retention  time.  Kydr03en 
from  the  anode  s'de  can  also  transfer  to  the  cathode  and  form  a third  phase. 
Data  from  multi-phase  flow  and  separation  experiments  ir.  zero  gravity  will  be 
useful  for  designing  high  efficiency  zinc  bromine  flow  batteries  and  hydrogen 
Ivomir.e  fuel  ceils  for  space  applications. 

IV.  Justification 

Too  zero-gravity  effects  to  be  observed  in  the  Bromine  Phase  Separation 
Experiment  can  only  be  simulated  in  a weightless  environment  aboard  the  Space 
Station. 

• **  » # 0 

V.  Mission  Requirement  and  Capabilities 

# 

A. )  Operational  Envelope 

1.  Mass  : 200-300  lb 

2.  Volume  : under  5 ft^ 

3.  Pressure  : 1 atm,  requires  N-  source  for  1 atm  pressure 

B. )  Power  ; 500-1000  watts 

C.  ) Thermal  control:  Thermostat  control  system  Is  needed  for  a uniform 

temperature  throughout  apparatus. 


D.)  Operations  Schedule 


WV'>.  — 
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2.  Ho  maintenance  planned. 

E.)  Data  Managen*nt  and  Communications 


ground.  • 


MlXiNT,  ANt<  SEPARATION  EXPERIMENT 

OR 


• MONITOR 


Space  Station 


Contractor  Cost  Orientation 
Briefing 

NASA  Space  Station  Task  Force 


September  15,1982 


f\J/\SA 

National  Aeronautics  and 
Space  Administration 


Lyndon  B.  Johnson  Space  Center 

Houston.  Texas 
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9 SEPTEMBER  1902 


HAS  COST  ORIENTATION 
GENERAL  COfTNEiiTS 


IT  IS  NOT  THE  INTENT  OF  NASA  THAT  DETAILED  COSTS  RESULT  FROM  THESE  STUDIES 

THE  USE  OF  REPORTING  FORMATS  AT  THIS  EARLY  STAGE  SIMPLY 
0 PROVIDES  SOME  FORMALITY 

0 WILL  HAKE  POST-CONTRACT  EVALUATION  EASIER  FOR  NASA 

0 WILL  INFORM  CONTRACTORS  OF  THE  DATA  REQUIREMENTS  OF  LATER  STUDIES 

THE  WBS  PROVIDED  WAS  DEVELOPED  BY  THE  DOD/NASA/ INDUSTRY  SPACE  SYSTEMS  COST  ANALYSIS 
GROUP  (SSCAG) 

ALL  HAS  CONTRACTORS  HAVE  REPRESENTATION  IN  SSCAG 

BOTH  THE  WBS  AND  THE  COST  SPECIFICATION  PROVIDED  WILL  BE  BASELINED  ON  FOLLOW-ON 
CONTRACTS  (THROUGH  PHASE  B OR  EQUIVALENT) 


\ * 

. 
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COST  ESTIMATING 


AS  PART  OF  THE  COMPETITIVE  PROCESS  FOR  SUBSEQUENT  PROGRAM 
PHASES.  CONTRACTORS  MUST  DEMONSTRATE: 

• FAMILIARITY  WITH  NASA/DOD  SPACECRAFT  COST  ESTIMATING 
STANDARDS 

• ABILITY  TO  ESTIMATE  PROGRAM  COSTS.  FOR  ALL  PHASES. 
WITH  STATE-OF-THE-ART  METHODS 

• ABILITY  TO  TRADE  COST  AND  PERFORMANCE  AS  PART  OF  THE 
SYSTEM  DEFINITION  AND  DESIGN  PROCESS 

0 ABILITY  TO  EXPRESS  COST  IN  TERMS  OF  R I SK/UNCERT A I MTY 
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COST/SCHEDULE  REPORTING 

f < 

REPORTING  REQUIREMENTS 

• ALL  CONTRACTORS  MUST  UTILIZE  COST/SCHEDULE  REPORTING 
SYSTEM  VALIDATED  BY  DOD  OR  NASA. 

• IT  IS  THE  STATED  INTENTION  OF  NASA  TO  UTILIZE  EXISTING 
CONTRACTOR  REPORTING  SYSTEM  WHERE  POSSIBLE 

• CONTRACTORS  MUST  SATISFY  THE  INTENT  OF  DRD  (1F003H, 

NHB7121.2.  NHB9501.2  FOR  COST  ESTIMATING  AND  REPORTING 

I REPORTING  FORMATS  WILL  BE  INDIVIDUALLY  NEGOTIATED  WITH 
OBJECTIVE  OF  LOWEST  COST  REPORTING  SYSTEM 

REVIEW  OF  PROCESSES 

• AS  PART  OF  THE  COMPETITION  FOR  THE  SUBSEQUENT  PROGRAM 
PHASES.  NASA  WILL  REVIEW  COST  ESTIMATING.  REPORTING. 

AND  COST/DESIGN  TRADE  SYSTEMS. 
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SCHEDULES  SUBMITTED  AT  THE  MODULE  LEVEL  (E.G..  HABITATION 
MODULE),  WITH  MAJOR  SUBSYSTEM  MILESTONES  PRESENTED 


MILESTONES  SUBMITTED  IN  TERMS  OF  FY1,  FY2  (INSTEAD  OF 
1985,  1986) 


DRD  MF003H  FORMATS  AND  SSCAG  STANDARD  WBS  SUGGESTED 


ORIGINAL  PACE  IS 
OF  POOR  QUALITY 


CQi'iPAHY 

NAi  E OE  SSCAG  MEMBERS 
MAS  CONTRACTORS 

SSCAG  MFfiRFR 

EMi£ 

(NOS)  742-1123 

LMSC 

KEITH  EURBRIDGE 

TRW 

JIM  URYDEN 

(213)  535-2370 

GAC 

JIM  WILDER 

(51G)  575-1873 

RI 

LEE  TAUEE 

(213)  922-4081 

STEVE  KORNISH 

(213)  594-3876 

BOEING 

STEVE  OTROSA 

(20G)  773-1150 

MART  I r. 

MAURY  WILBUR 

(303)  977-3931 

GO 

BOB  BRADLEY  (SD) 

(714)  277-8900  X2513 

CLYDE  PERRY  (CORPORATE) 

(314)  889-8605 

MDAC 

BILL  HAGAN  (EAST) 

(314)  233-2611 

AL  GOODWIN  (WEST) 

(714)  896-4866 

SUGGESTED  DATA  FORMATS* 
(SEE  EXAMPLES  ATTACHED) 


DATA  FORM 

COLUMNS 

CONTENT 

A 

1-6 

- DDT&E,  PRODUCTION.  OPS  BY  WBS  TO  LEVEL 
A/5  ** 

C 

ALL 

- TECLNICAL  INPUT  DATA  TO  COST  ESTIMATING 
PROCESS 

D 

ALL 

- TIME-PHASED  COST  ESTIMATES  TO  WBS  LEVEL 
USED  IN  "A" 

E 

ALL 

- ASSUMPTIONS  MADE  BY  CONTRACTOR  OF  NASA 
SUPPORT  REQUIREMENTS 

H 

ALL 

- SUMMARY  OF  HARDWARE  QUANTITIES  USED  IN 
ESTIMATING 

I 

N/A 

- MAJOR  MILESTONES  USED  IN  ANNUAL  COST 
PREDICTION,  TO  SUBSYSTEM  LEVEL.  IF 
AVAILABLE. 

* CONTRACTORS  SHOULD  SUBMIT  SEPARATE  FORMATS  FOR  EACH  PROGRAM  OPTION  RECOMMENDED  TO 
NASA 

**  OR  TO  WHATEVER  LEVEL  USED  BY  THE  CONTRACTOR,  WHICHEVER  IS  HIGHER 


/ 
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DATA  FORM  A 


DATE 


NON-RECURRING  (DDT&E ) PAGE  OF  

RECURRING  (PRODUCTION)  X 

RECURRING  (OPERATIONS)  REF.  LAUNCH  DATE 
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DATA  FORM  C COST 
ESTIMATING  METHODOLOGY  & 

TECHNICAL  CHARACTERISTICS 


FY84  S IN  MILLIONS 


a*  WBS 

IDENTIFICATION  NUMBER 

1-  NUMBER 

2*  NOMENCLATURE 

1.0 

HABITATION  MODULE 

1.1 

ECS 

1.2 

POWER 

l.X 

* ENTRY  CODE 
V= BASED  ON  VENIKJR  QUOTE 
P=PARAMf  TR IC  L ST  I MATE 
D-OIRLCT  LSTIMA1E  OF  MANPOWr R 
N-NASA-S1IPPLII 

HISTORICAL 
DATA  USED 


PROJECT 


f.  g.  KEY 

QUAN-  TECHNICAL 
TITY  OR  CHAR AC - 
FACTOR  I VALUE  TER  1ST IC 


CRW,  MS 
LENGTH 


REMARKS 


CRW,  MSN  0DT&E  ESTIMATE 
LENGTH 


PRODUCTION  ESTIMATE 

502  GROWTH  ADDED  TO  VENDOR 
ESTIMATE  FOR  UNCERTAINTY 
DDUE  ESTIMATE 


EXAMPLE  ONLY 


OF.  POOR 


lC 


DATA  FORM  D 

TOTAL  PROGRAM  FUNDING  SCHEDULES 

NOII  - RF OWNING  . llT&L  ) ® 

RECURRING  (PRODUCTION)  □ 

RECURRING  (OPERATIONS)  □ 


FISCAL  YEAR 


1.1 

1.2 

1.3 

1.10 

l.X 

TOTAL 

DDT&E 

TOTAL 

PRODUCTION 

TOTAL 

OPERATIONS 

NOMENCLATURE 


HABITATION  MODULE 

ECS 

POWER 

STRUCTURE 


MAJOR  TEST 


GRAND  TOTAL 
LIFE  CYCLE  COSTS 


,oEll 

19  HZ 

i^u 

75 

150 

250 

500 

14 

28 

56 

28 

15 

30 

60 

30 

10 

20 

40 

20 

2 20 

19*15. 


250 

14 

15 
10 


1«*FY$  I 1«|L1Z 


DATA1  FORM!  E| 

SUMMARY  OF  NASA  SUPPORT  REQUIREMENTS  | 


a.  WBS 

IDENTIFICATION 

b.  TYPE  OF 

c.  UNITS  OF, 

d.  INCLUDED  IN 
COST  ESTIMATE ' 

e.  REMARKS 

NUMBER 

NOMENCLATURE  1 

SUPPORT  ! 

MEASUREMENT 

YES 

1.0 

HABITATION  MODULE 

1.1 

ECS 

INTEGRATION 

4000  HRS 

X 

CONTRACTOR  WILL  LEASE  TEST 
FACILITY  AT  JSC 

1.2 

POWER 

MAJOR  TEST 

400  HRS 

X 

ASSUMPTION  THAT  NASA  WILL 

PERFORM  MAJOR  ELECTRICAL  itST 

AS  AN  IN-LINE  ACTIVITY 

1.3 

STRUCTURE 

TEST 

400  HRS 

X 

ASSUMPTION  THAT  NASA  WILL 

PERFORM  MAJOR  STRUCTURAL  TEST 

o O 
™ aj 

TJ  to 
O 5 

O -n 

C j* 
£ to 

C 

- 

■MM 

1 it 

L - ...  - 

SUBSYSTEM 


1.1  ECS 


1.2  POWER 


1.3  STRUCTURE 


DATA  FORM  H 

SUMMARY  OF  HARDWARE  QUANTITIES 


b. 

NO  01 

DEVELOPMENT 


NO  01 
QUAL 


NO  OF 


RE FUR - 


MAJOR  TEST  BISHMENT 


1.0  HABITATION  MODULE 


* 3 UNIQUE  PRODUCTION  ARTICLES  + 50%  | REFURBISHMENT  OF  MAJOR  TEST  UNIT 


**  75%  REFURBISHMENT  OF  JlAJOR  TEST  ARTICLE  WILL  YIELD  PRODUCTION  ARTICLE 


f. 

NO  OF 

PRODUCTION 


0.75** 


INITIAL  OPERATIONAL 
1 SPATES 


EXAMPLE  ONLY 


!! 


v:  A . 


QRIGtNAL  PAGE 


SUBSYSTEM  OR 
MAJOR  ASSEMBLY 


HABITATION  MODULE 
o STRUCTURAL 
o SUBSYSTEM  1 


CY  19 


ENERGY  MODULE 
o STRUCTURE 

TRANSPORTATION 
SUPPORT  MODULE 
o STRUCTURES 

LOGISTICS  MODULE 

STRUCTURE  1 


. STRUCTURE  2 


DATA  FORM!  I I 
MASTER  SCHEDULE 

* STRUCTURES  SUBSYSTEMS 


CY  19 


2 3 4 


CY  19 


3 4 


■ 


MrtdiiK  TEST  I PRODUCTION  Ttpi 


2 3 


PRODUCT 1*N 


CONSTRUCTION 

MODULE 


I I 


MAY  BE  SUBMITTED  AT  MODULE  LEVEL 


EXAMPLE  ONLY 


OF  POOR  QUALITY 


